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A NEW RESOURCE 


HAS BEEN DEVELOPED 


Tue wealth of America has 
been wrought from her natural 
resources of fertile lands, wide 
forests and rich mineral deposits 
by the brains and muscles of 
her people 

But another resource is now 
available. A new source of 
wealth and well-being has been 
developing gradually and al- 
most unnoticed which is 
tremendously important today 
and of still greater importance 
for tomorrow. 

This new resource is the re- 
search laboratory. 


Today, in hundreds of indus- 
trial and college laboratories, 
rained minds are expanding 
the world’s knowledge, and 
applying the results of research 
to industry and to war. 
In the Bell Syctem, research 
has always been a fundamental 
activity. The telephone was in- 


vented in a research laboratory. 
And for years Bell Telephone 
Laboratories has been the 
largest industrial laboratory in 
the world. 


Underlying modern research 
is the realization of vast latent 
values in nature. Although the 
lone genius does from time to 


time bring to light some part of 


these hidden values, only organ 
ized scientific research can as 
sure the thorough exploration 
that will render the full mea 
sure of use for human welfare. 


Research means imagining 
and experimenting. It means 
the searching out and bringing 
together of facts. It means clear 
statements of problems, precise 
measurements and keen analy- 
sis. It means tenacious follow- 
ing along unexpected paths. 


These are the procedures of re- 
search. Its consummation is the 





grasping by subtle minds of re« 


lationships in nature no one has 
previously known. And on the 
basis of the broader knowledge 
so established are built new 
materials, new methods and 
new structures to serve the 
people of America. 


The Bell Telephone Labora 
tories has now concentrated its 
efforts on communication sys- 
tems and equipment for the 
armed forces. When the war is 
over its researches in com 
munication will again be ap 
plied to an ever-improving 
telephone service in America. 
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THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


Founding and Organization 


In 1848, on September 20, the Association was 
formally organized and held its first meeting; in 
1874 it was incorporated under the laws of the 
Commonwealth of Massachusetts and given the 
right to receive, purchase, hold and convey prop 
erty. Its governing body is a Council, now having 
255 members. 


The Association is national in scope, with mem 
bership open to the whole world on equal terms, 
and its the broad fields of the 
natural and the social sciences. Its varied activi- 
ties are carried on under 16 sections with which 
187 affiliated and associated societies, having a 
combined membership of nearly a million, cooperate 
in organizing programs for its meetings. 


interests include 


Members and Meetings 


All persons engaged in scientific work, all who 
find pleasure in following scientific discoveries, all 
who believe that through the natural and social 
sciences a better society may be achieved are eligi 
ble for membership in the Association. From its 
founding, the most distinguished of American sci 
entists, including every American Nobel Laureate 
in science and every president of the National 
The 


Academy of Science, have been members. 


names of many university presidents, of emir 
scholars in widely different fields, and of men 1 

ble for publie service, including a United St 

Senator, a Justice of the Supreme Court, and 
former president of the United States, are no 

its roll of nearly 25,000 members. 


The Association’s meetings are field days ot 


ence attended by thousands of participants 
which hundreds of scientists vie with one anot! 
for the pleasure and the honor of presenting result 
of researches of the greatest benefit to their fel 
men. An enlightened daily 


proceedings throughout the country. 


press reports t! 


Opportunity and Responsibility 


A world torn by conflicts and fearful of th 
ture is looking more and more toward scientists 1 
leadership. The opportunity for unparalleled s 
vice is theirs and the fact that they have avail 
the only essentially new methods, if not purposes 
imposes an equal responsibility. For these reasons 
it will be the steadfast purpos 
promote closer relations among the natural and 


Association’s 


social scientists, and between all scientists and ot 
persons with similar aspirations, to the end 

they together may discover means of attaining 
orderliness in human relations comparable to t 
which they find in the natural world about then 
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MEET THE AUTHORS 


GEORGE A. 
PH.D., 18 
Sociology and Statistics 
at Bennington College, 
Vermont, editor of So 


Protessor of 


ciometry, and retiring 
president of the Ameri 
ean Sociological Society. 
He was born in North 
Dakota in 1895. He has 


traveled widely in 


ai 


oet 


ting and giving edueéa 








Hav ing’ studied at 
American the 
Ne sea he has taucht in cick 

| of Economies, he has taught in eight uni 


tion. 


universities and at London 


Soro 
sities, ineluding summer school engagements. 
1931 Dr. Lundberg became the first director 
the Bureau of Social Research of the Pitts 
oh Federation of Social Agencies and later 
ne director of research for the Couneil for 
Research in the Soeial Seiences at Columbia Uni 


(Engineers ) 
Sub 


tv. He served in the A.E.F. 
one year during the first World War. 
the 


esearch supervisor in the 


Government again—as 
Federal 
Relief Administration and as a consultant of 
Na 


sequently he served 
Emergeney 
the 
tional Resourees Planning Board. He enjoys 


sie and likes to read about arctic explorations. 


Curt STERN, Pu.D., is 
Chairman of the Divi 
Biological Sei 
ences at the University 
of Rochester. He 
born in Hambure, Ger 
1902. After 


doctorate at 


sion of 
Was 
many, in 


taking 
the University of 


his 
Ber 
lin, he was engaged in 
research and teaching in 
Berlin until 1932, ex 
cept for a two-year pe 





‘iod when he studied the geneties of Drosophila in 


he famous “fly room” of Columbia University. 
Since that time the fruitfly has never permitted 
Since 1932 
Hav 
ng lived in two very different national climates 
and having Dr. Stern 
of divided 
humanity and to be conscious of the best traits 


iis research to go out of her range. 
he has been a resident of the United States. 
married an American, 


strives to the common bonds 


stress 
and traditions of different groups. As a teacher, 
he attempts to cultivate a sense for the general 
aspects of biology and for the place of science 
in human endeavors. 
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NEW BOOKS 


World Wars and Revolutions. WALTER PHELPS 
HALL. I xvi + 406 + xXxxiv pp. 1948. Apple 
ton-Century. 


Dr. Hall, Dodge Professor of History at Princeton, 
thoroughly reviews “the course of Europe since 1900.” 
He begins with a discussion on the antecedents of the 
first World War and ends with a chapter entitled 
“From Lend-Lease to Tunisia.” Illustrations include 
maps showing the changing formations of the political 
world 


A Hundred Years of Medicine. ©. D. HAAGENSEN 
and W,. E. B. Luoyp. Ill. xli + 444 pp 1943. 


$3.75 Sheridan House, 


Addressed to both the medical reader and the lay 
man, this book by two physicians surveys a century of 
fascinating developments of medical theory and prac 
tice Sidelights on the lives of the great medical 
geniuses add human interest In a section reviewing 
new social aspects of medicine, the authors advocate 


sickness insurance 


The Life of Sir J. J. Thomson, O. M. Lorp Ray 
LEIGH. Ill. x+299 pp. 1943. $6.00 Cam 


bridge Universitv Press; Maemillan, 


For his description of the life and scientific work of 
the great physicist who died in 1940 at the age of 84, 
Lord Rayleigh draws upon his personal acquaintance 
with Thomson and upon numerous letters, thus supple 
menting Thomson's own Recollections and Reflections 
(1936) 


Synthetic Resins and Rubbers. P. O. POWERs. 


Il. v+296 pp. 1943. $3.00. Wiley. 


This textbook on the chemistry of polymers and their 
application for the first time combines the chemistry 
of synthetic resins and synthetic rubbers in a single 
book The author, Chief of Organic Research, Arm 
strong Cork Co., shows that the methods and tech 
niques of producing both are quite similiar. 
Navigation. L. M. Keuius, W. F. Kern, and J. R. 
BLAND. Ill, xx+479 pp. 1948. $5.00. Me 
Graw- Hill. 


All three authors of this handbook are professors at 


the U. S. Naval Academy, Their material is up-to 
date and clearly presented with graded exercises and 
visual aids A thorough mathematical background for 
each theory of navigation is set forth. Special see 


tions are devoted to the Hagner Planetarium and the 
Sonic Depth Finder, 


Shrubs of Michigan. Crcin BILLINGTON. Tl. 


249 pp. 1948. $2.50. Cranbrook Institute of 


Science. 


This, Bulletin No. 20, is another addition to the 
Cranbrook Institute’s series of nature guides aimed at 
awakening and stimulating interest in our native flora. 
Although it is not exhaustive, it describes and illus 
trates the Michigan shrubs that are most common and 
most important for their utility and beauty. 


Physiological Psychology. Cuirrorp T. MorGan. 


Ill. xii +633 pp. 1943. $4.00. MeGraw-Hill. 


Dr. Morgan, associate in psychology at The Johns 
Hopkins University, presents an extensive elementary 
and advanced study of the physiological mechanisms 
of behavior, including a review of facts relating to 
anatomy, chemistry, endocrinology, and physiology. 
Stress is laid on three fundamental concepts—internal 
environment, interaction, and levels of organization of 
function 
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sity (1928) and Albany - oun : 
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connected with the Harvard Medieal School and 
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Society of Fellows at Harvard. It was during meotats and Alloys Data Book. ° Ho 
he latter period that Dr. Bailey gave a series of ” sf — ah i . 
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his allegiance to one school, the University of a healthy mind Then, from the viewpoint 
Pennsylvania, where he taught general zoology mental hygienist, he proceeds to provide them with 
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that vear, he nonetheless remained Professor of ee ee 
Zoology of the U. of P., with the accessory title | Eruptive Rocks. 8. JAMES SHAND. 2nd ed 
of Director of The San Francisco Mountain | XYi+ 444 pp. 1945. Wiley 
Zoological Station. His earlier research in This is a revised second edition of the book fir 
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AEROBIOLOGY 


vili + 299 quarto pages 


(7 x 10% inches) 


illustrated, references 


This volume, one of the Symposia 
Series, consists of 37 papers. Eight 
papers cover extramural  aerobiology 
which is concerned with the distribution 
of living organisms by the exterior air 
and with some of the consequences of 
their distribution. Twenty-nine papers 
on intramural aerobiology cover (1) the 
problem of contagion by air-borne in- 
fectious materials, (2) expulsion of se- 
cretions from the mouth and nose, and 
(3) infections from dissemination of 
pathogenic organisms into the operating 
room, the hospital ward, the school and 
the home. Published in 1942. $4.00. 





LABORATORY PROCEDURES 


in Studies of 


CHEMICAL CONTROL OF 
INSECTS 


vili + 206 quarto pages 
(7x 10% inches) 


illustrated, references 


Another of the Symposia Series, con- 
taining 12 principal papers and 41 sup- 
plementary contributions on (1) rearing 
test insects, (2) rearing insects that at- 
tack stored products, (3) rearing insects 
affecting man and animals, (4) methods 
of testing insecticides against insects in 
the laboratory, and (5) statistical meth- 
ods. Bibliography of 500 references. 
Two indexes, one of scientific names and 
the other of common names of insects. 
Published in 1943. $4.00. 
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Academy and the American Philosophical 
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intiqgue Leuden Jar Courtesy of Franklin Institute 


Leyden jar of Benjamin Frankliy’s day, compared with an L&N 0.5 ut mica capacitor 


MAYBE FRANKLIN WAS BORN TOO SOON! 


Benjamin Franklin wryly observed to a friend that speculation on the undiscovered wonders of 
electricity “occasions my regretting that I was born so soon.” Perhaps he was \t any rate, he 
could say “I told you so!” if he could compare the capacitor of his day with a modern one 

For his capacitor was a Leyden jar like the one above, made of {-inch thick glass with beaten lead 
conductor and beeswax base. Its capacitance is 014 ut The modern L&N instrument’s capaci 
tance is 350 times as great, and it is considerably lighter 


us¢ d gl iss an | 


Principal cause of the difference is that we use mica and tinfoil where Franklin 
lead. Mica is 0.001 inch thick: Franklin’s glass is 0.125; they have the same dielectric constant of 
6, but the power factor of mica is 0.0001 and that of this old-time glass 0.0034 \nd we insulate and 


seal with specially-developed waxes 


More than new materials, however, have gone into this condenser For two hundred years, 
mechanics and experimenters have improved on Franklin’s work and on each others’. Some dozens 
of these people have spent a generation right here at L&N As a result, you can buy for $30.00 a 
0.5 uf condenser, guaranteed to within 0.25°.; suitable for the capacitance measurements Franklu 


would be making if he had not been “born so soon!” 
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WAR SAVINGS 





Illustrated above is the new book, ‘The Human Eye in Anatomical Transparencies,” 
published by the Bausch & Lomb Press. 


His skill...and your eyes 


The miracle of sight has intrigued 
the curiosity of scientists for cen- 
turies. Today, knowledge of human 
vision, of its deficiencies—and cor- 








rection—is a mighty national asset. 

There are certain facts about your eyes you 
should know, too. That a visual deficiency can 
seriously handicap your work and your life. That 
you aren’t always aware of faulty vision until 
you've had a competent professional eye examina- 
tion. That most eye difficulties can be corrected 
quickly, thoroughly, certainly. 

There are men in your neighborhood who merit 
your confidence—professional men qualified by 
skill, training and experience to care for your eyes 
and those of your family. In their exacting scien- 
tific techniques they employ instruments of re- 
markable precision. And, when glasses are needed, 


they prescribe lenses and mountings or frames 
that are in keeping with the high quality of thei 
professional service. 

For ninety years, it has been our privilege « 
serve the ophthalmic professions; to provide then 
with the needed refractive and diagnostic instru 
ments; to blaze new trails in ophthalmic lenses 
and modern eyewear; to provide the manufactur 
ing skill and leadership that go hand-in-hand 
with professional progress. 


Z\ 
BAUSCH & LOMB 
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SCIENTISTS IN WARTIME 


By GEORGE A. LUNDBERG 


Wuat should scientists do in wartime? In 
general, and as far as possible, they should 
go about their business as scientists. I agree 
with President Hutchins’ recent statement 
to faculty and trustees of the University of 
Chicago: 

... I believe that anybody who is good enough 
to be a member of this faculty is too good to be ex- 
pended in Washington or the Army. I do not deny 
that there are many special cases—the cases of men 
with peculiar qualifications for specific positions 
which only they can fill, Such men we must sur- 
render for the duration. But that restlessness which 
occasionally afflicts us all, that feeling that we are 
not doing anything very important and that we ought 
to be able seamen, corporals, or clerks in the Capital 
must, I am afraid, be traced to the low esteem in 
which our civilization has held the life of the mind, 
an esteem so low that even those who have committed 
themselves to that life must sometimes wonder 
whether they have not made a mistake. A _ univer- 
sity is a place where people think. Thinking is diffi- 
cult at any time, and especially amid the distractions 
of war. But can we actually believe that thinking 
is not important to winning a war? If a member 
of this faculty is offered a post in the public service 
in which he can think to better purpose than he can 
here, he should accept it. If, as is far more likely, 
he has some chance to think here and none in the 
public service, he should stay here and try to think 
harder than ever. It is his patriotic duty to resist 
as long as he can the superficial attractiveness of 
what is called ‘‘ doing something about the war’’ and 
to throw himself with grim determination into the 
essential task he was appointed to perform. 


This statement contains the necessary res- 
ervations to cover the many persons, includ- 
ing the author, who have temporarily served 
the government from time to time, both in 
‘times of war and in times of domestic crises. 
Frequently the government job is similar to 
the work one is already doing. It may even 
afford unique opportunity to advance the 
work to which one is regularly devoted. 
Such work is no desertion of one’s principal 


job. As for those who are not primarily in- 
terested in the advancement of science, they 
would perform a valuable service by vacat- 
ing jobs in the fields of science. Again, other 
duties sometimes take priority over personal 
preferences and over the advancement of 


science. Every scientist devotes time to 
family and community affairs which he 
might often prefer to devote to science. In 


the last analysis the community supports all 
scientific activity, and may therefore some- 
times reasonably demand the scientist’s ser- 
vices in fields far removed from his special 
interest. 

The general position taken above is, there- 
fore, no reflection upon those who through 
choice or compulsion have entered either the 
military or the civil service. Indeed, it will 
probably be regarded as somewhat amusing 
that I should even take the trouble to make 
such a reservation. The temper of the times 
rather suggests that all who are not in gov- 
ernment service need some kind of defense 
or explanation. For this attitude, Hutchins’ 
statement is a healthy corrective. Let us 
consider some of the implications of this view. 


I 


I have suggested above that the scientist 
sometimes may find his duties as a citizen 
conflicting with his scientific tasks. This 
fact is likely to become apparent to all scien- 
tists, especially in wartime. In this situa- 
tion it is important for the scientist to dis- 
tinguish clearly between his role as a scientist 
and his role as a citizen. Strange to say, 
even some social scientists question whether 
such a separation is possible. Yet it is about 
as obvious as the fact that an actor can play 
different roles on the stage, or that a man can 
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play both baseball and bridge without de- 
veloping a schizoid personality. All that is 
necessary is to be fully aware of what part 
or what game one is playing and of the rules 
governing each. It is painfully obvious that 
human and community activities at present 
are not conducted on a strictly scientific 
basis. All scientists, as members of the com- 
munity, must reconcile themselves to playing 
the social game according to the commonly 
accepted rules. As I shall argue later, the 
scientist, like any other citizen, should do his 
utmost to change the rules if he feels like it, 
but, while doing so, he must conform in gen- 
eral to the accepted rules or he will find his 
chance to do really effective work of any kind 
seriously curtailed. His role as citizen per- 
mits and, indeed, compels him to play the 
parts assigned to him in the life of the com- 
munity in common with other citizens. As 
a citizen, also, the scientist may indulge his 
likes and dislikes by campaigning for this 
and against that, without giving any other 
explanation than that he simply likes one 
program and dislikes the other He may also 
offer whatever rationalizations or reasons he 
wishes in justification of his action, without 
inquiring into their scientific validity. 

The role of the scientist, on the other hand, 
calls for the observance of very different 
principles. The scientist must divest him- 
self as nearly as possible of all preconceived 
conclusions, except those all-important ten- 
tative formulations called hypotheses. The 
rules of the scientific game are rigorously 
specified. The very first rule is not to trust 
our unchecked, uncorroborated, and unaided 
senses. Thus, we use tested instruments for 
this purpose and, in addition, require that 
other scientists shall check both our observa- 
tions and conclusions. In the social sciences, 
these rules have been quite carefully elabo- 
rated with special reference to this subject 
matter. An elementary principle of histori- 
eal and other social research, for example, is 
to be cautious abogt accepting personal testi- 
mony; to check the possible bias of the re- 
porter; to determine the representativeness 
of a report which is itself above suspicion; 
and so forth. To what extent are these prin- 
ciples observed in wartime? 

Instead of going into the whole subject of 
the unbelievable gullibility of many scien- 


tists, as well as of other people in times 
war, I shall ask only one question: Hoy 
much of the currently accepted informat;,, 
about certain enemy ideologies and practies: 
rests chiefly upon the testimony of displacaj 
politicians, refugee scholars, and others yy} 
have suffered personal misfortune and in- 
justice at the hands of the regimes in qyex. 
tion? I do not question the personal intes 
rity of these reporters. I only ask whethe; 
their testimony in a court of law or in scien 
could be regarded as unbiased. I do yo 
question their misfortunes. I have no doy}: 
the facts are bad enough. To be sure, ther 
is much corroboration—but by whom? py 
others with the same bias. I merely asi 
whether much of the material mentioned ¢ay 
stand the test of scientific scrutiny. 

Time alone, perhaps, will provide both the 
possibility of scientific checking and the 
necessary perspective for sound factual ap. 
praisal. My point is that the prestige , 
scientists is not increased by their tendency 
alternately to ride the bandwagon and then, 
after the parade is over, to appear conspicu- 
ously in the ranks of the debunkers. 
entists, they never should be victims at least 
of the more traditional types of bunk. 

Closely related to mere objectivity of ob- 
servation are considerations of perspective 
and the representativeness of data which are 
otherwise above reproach. Neglect of this 
principle is the besetting sin of the journal- 
ist, who in our time frequently passes for a 
social scientist. The public, in fact, attaches 
to the pronouncements of journalists the 
type of significance which actually should 
attach only to the pronouncements of scien- 
tists. The journalist’s trump in an argu- 
ment regarding fact is always some appeal to 
dramatic incidents such as, ‘‘If you had seen 
the refugees leaving Paris, .. .’’; ‘‘If you 
had seen this murder, .. .’’ If one inquires 
as to the representativeness of this incident, 
the prevalence of an injustice, and so on, the 
scornful answer is usually, ‘‘ What difference 
does it make? Aren’t you against wrong 
and evil although it occurs only in a single 
ease?’’ The answer is that for scientific 
purposes it does make a difference. There 
is probably no crime or atrocity committed 
in one nation which cannot be duplicated in 
others. The degree and frequency of phe- 
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nomena are important for scientists but not 
Inecessarily for artists, and perhaps not even 
for some types of historians. 

Likewise, the concept of probability is all- 
portant in science. In these days of ro- 
mantie talk about freedom from want and 
fear, it should be recognized that such ‘‘free- 
dom’’ is only partially attainable and that it 
is always a relative matter. To think other- 
wise is self-delusion. When nations strive 
for ‘‘security,’? they should consider what 
state of affairs would obtain if all nations 
took the same view of their security. For 
example, if we require a line of impregnable 
hases flung across the Pacific, as has recently 
been asserted, other nations might reasonably 
eonsider themselves entitled to Nantucket, 
Cuba, Hawaii, and other such sites for bases 
off our coasts to insure their ‘‘security.”’ 

After the scientist has once secured his 
data, the rules for their manipulation are 
again rigorously specified. We are expected 
to follow these rules and to be just as cheer- 
ful if our hypotheses are disproved as if they 
are proved. Finally, we are compelled to 
agree that these findings are neither good nor 
bad in themselves; they may be used with 
equal effectiveness for constructive or de- 
structive purposes. We even have to con- 
fess, I think, that no matter how indubitable 
is the conclusion of a scientific study, there 
is nothing in the scientific process, by which 
we arrived at a specific conclusion, to tell us 
what should be done with it. 

Science only provides a car and a chauf- 
feur for us. It does not directly, as science, 
tell us where to drive. The car and the chauf- 
feur will take us with equal efficiency into the 
ditch, over the precipice, against a stone wall, 
or into the highlands of age-long human as- 
pirations. If we agree on our destination, 
the driver should be able to take us there by 
any one of a number of possible routes, the 
costs and conditions of each of which the 
scientists should be able to specify. When 
these alternatives have been made clear, it is 
also a proper function of the scientist to de- 
vise the quickest and most reliable instru- 
ment for detecting the wishes of his passen- 
gers. Except in his capacity as one of the 
passengers, the scientist who serves as navi- 
gator and chauffeur has no scientific privi- 
lege or duty to tell the rest of the passengers 
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what they should want. Neither physical 
nor social science can answer this question. 
Confusion on this point is the main reason 
for the common delusion that the social sei- 
ences, at least, must make value judgments 
of this kind. 

It does not follow, of course, that science 
by virtue of its true function, as outlined 
above, may not be of the utmost importance 
in helping people to decide intelligently what 
they want. As a matter of fact, the broad 
general wants of people are perhaps every- 
where highly uniform—for example, a cer- 
tain amount of physical and social security 
and some fun. It is disagreement over the 
means to achieve these ends, as represented 
by fantastic ideologies, that results in con- 
flict and chaos. In proportion as a science 
is well developed, it can describe with ac- 
variety of 
These 


will 


curacy the consequences of a 
widely disparate programs of action. 
consequences, if reliably predicted, 
strongly influence what people will desire. 
But it remains a fact that science as a pre- 
dictor of consequences is only one of the num- 
erous influences that determine an individ- 
ual’s desires and his consequent behavior. 

When social science develops and secures 
recognition of its authority, it is almost sure 
to become a major influence both in defining 
and satisfying men’s desires. This certainly 
is the case with desires that are increasingly 
defined, as well as realized, through the 
agency of physical and biological science. 
By charting reliably the remote, as well as 
the immediate, consequences of the various 
possible courses of action, men’s wants will 
be modified accordingly. In this way, sci- 
ence and scientists might be major influences 
in determining value judgments. This is 
especially true of the social sciences as re- 
gards the questions at present in the fore- 
ground of public interest. When the social 
sciences attain maturity and thus gain public 
respect, we shall no longer waste our energies 
in following the vain hopes of early and 
permanent salvation proffered by various 
ideologies which today seduce many social 
and other scientists, as’ well as the masses of 
men, from more fruitful activities. 


IT 


I have spoken of the scientist’s obligation 
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to stay on the job and keep clear in his own 
mind, as well as in the minds of others, the 
difference between his scientific and his com- 
munity obligations. Closely related to these 
requirements is his obligation to conduct 
himself like a scientist. This is perhaps the 
most difficult of the social scientist’s tasks in 
wartime. His own emotions, as well as the 
community expectations, tend to coerce the 
social scientist into two equally unfortunate 
positions. In the first place, the scientist 
will be tempted to find, regardless of the 
evidence, what he and the community wish to 
believe regarding important war questions. 
In the second place, both social and other 
scientists are likely to fail to distinguish 
clearly between their pronouncements as 
citizens of a country and their pronounce- 
ments as scientists who, in these roles, are 
citizens of no particular country. In the 
first case, they deceive both themselves and 
the public. In the second, they may deceive 
only the public. The public will assume 
that, just because a man is a recognized sci- 
entist, all his pronouncements are actual 
scientific conclusions. 

This is why it becomes necessary to engage 
in wholesale debunking after the war is over. 
Now it can probably be shown that it is 
necessary for every nation, in order to carry 
on a fundamentally emotional activity like 
war, to engage in the systematic diffusion of 
propaganda which cannot correspond very 
closely to scientific fact. This may be justi- 
fied in precisely the same way that we justify 
withholding bad news or telling a patient 
something less than the whole truth about his 
condition, in the interests of what is consid- 
ered a more fundamental objective. If, how- 
ever, the physician who does this is himself 
so interested in the patient’s recovery as to 
believe what he tells the patient and then acts 
on his belief, we regard him as incompetent. 

Consider the pronouncements of govern- 
ments engaged in war. It is probably a psy- 
chological necessity for all nations at war to 
declare that their objective is complete vic- 
tory over their enemies: that no agreement, 
appeasement, or compromise is possible. But 
social scientists, if they apply what they 
know is true of all social adjustments, are 
compelled at least to consider other condi- 
tions. <A zoologist, writing in The Scientific 
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Monthly, has recently put the matter blunt), 
Speaking of the coming peace he says; “| 
will not rest upon compromise or compact.” 
He admits that some kind of organizatio, 
will be necessary, but scoffs at the idea that 
“‘to have effective world organization yo, 
must first educate the people and that y 
take generations . . . ; but it is no discreq} 
to democratie principles to point out that the 
control of yellow fever and bubonic plagy, 
did not have to wait upon general educat; Q 
and popular demand. ... For the contr 
of war, as of pestilence, it will be necessary 
to educate administrative officers and repre. 
sentatives; then, of course, the farther th: 
education of the people can be earried th; 
better... . We are now confronted wit! 
war and the makers of wars, and the on! 
proper action, whether one likes it or not, js 
to go just as far in annihilation, or in imposi. 
tion of ‘durance vile,’ as is necessary t 
create ...a greater distaste for war t! 
some nations have thus far had. You 
indict a people—if you can bomb them, an 
do not care to do it periodically.’” 

The above undoubtedly represents the 
simplest solution of the peace problem. It 
involves no troublesome peace conferences, 
no complicated treaties, no reparations, n 
danger of future trouble from the conquered 
With sword and bomb, war will have | 
stamped out as yellow fever disappeared 
with the mosquito. 

Offhand, I suppose, most social scientists 
would content themselves with pointing out 
that the implicit assumption in the above 
reasoning is that Germans and Japanese are 
carriers of war just as mosquitoes carry the 
germ of yellow fever. In view of the more 
elementary facts of history, no informed 
person will probably want to continue the 
discussion beyond this point. One peculiar 
detail should be noted, however, in the article 
containing the above prescription. The 
author makes it perfectly clear that this is a 
sound solution only if he himself and his 
group is on the exterminating side. From 
a strictly scientific viewpoint, the results, so 
far as the abolition of @var is concerned, 
would be precisely as satisfactory if the other 
side did the exterminating. This suggests 

1R. E. Coker, ‘‘ What are the Fittest?’’, The Sci- 
entific Monthly, January 1943, pp. 69-70. 
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2 
Ithat there are other considerations more im- 
ic 


at 
pportant even than stamping out war. There 


Sceem to be other considerations demanding 
Fattention even in the mind of this scientist, 
‘although he conveniently over looks them or 

} takes them for granted for the purpose of 
Ihis argument. This is very frequently the 

) case, as we Shall see, when any scientist ven- 

tures into other fields than his own. We 
oversimplify and overlook conditions that 
are likely to be the most determining ones. 
Now the principal trouble with this particu- 
lar solution as applied to social problems, 
namely, the extermination of all who oppose 
the would-be exterminator’s ideas as to the 
proper solution, is that it is a game at which 
all parties can play. It is somewhat amus- 
ing, also, to hear the doctrine invoked by an 
American scientist in an article devoted to 
expressions of horror of war and a discussion 
of the fitness to survive of people who invoke 
this doctrine. 

While the above case will probably be re- 
garded as extreme and unrepresentative (I 
am not criticizing the article as a whole), the 
general sentiment is by no means unique. 
Witness the horror and condemnation with 
which the words ‘‘appeasement’’ and ‘‘com- 
promise,’’? as applied to the forthcoming 
peace settlement, are regarded in our most 
idealistic, moral, and respectable circles, in- 
cluding social scientists. Yet no fact is more 
generally recognized than that social groups, 
to the extent that they have abandoned mu- 
tual exterminative warfare, have substituted 
appeasement and compromise. They are, in 
fact, the social principles most commonly 
used in all social adjustments from the family 
to national and international relations. 

Nor are appeasement and compromise re- 
sorted to only when physical violence has 
failed. No one could have desired a more 
complete military victory than that achieved 
by the Allies in the first World War. Yet 
the ink was hardly dry on the Versailles 
treaty before the machinery of appeasement 
and compromise was set in motion. It is no 
answer to say, ‘‘ We shouldn’t have done it.’’ 
The fact is that the victors found themselves 
in a position where it appeared to be the sen- 
sible thing to do. More important than this 
single case is the singular fact that in all 
modern wars, at least, the victors have for 
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some strange reason been unable or unwill- 
ing to exterminate whole nations. Even the 
invention of the modern bomber, to which 
our scientist friend so hopefully refers, has 
proved surprisingly ineffective in extermi- 
nating any considerable proportion of enemy 
populations. 

At this point, the more 
clined will demand to know, do I then advo- 
cate appeasement and compromise in the 
present war? It is pointless for me either 
to advocate it or oppose it. No matter who 
wins, appeasement and compromise will oe- 
eur because there is, practically speaking, no 
alternative. The only subjects for profitable 
discussion are the details of the appeasement 
Military events will doubt- 
less determine these to some extent, although, 
if we may judge from the last war, not to the 
degree fondly hoped for by the victor. If 
those details are arranged carefully and with 
due regard for existing scientific knowledge, 
‘tory peace and post-war 


emotionally in- 


and compromise. 


a relatively satisfac 
world may be attained. 


ignored, no league or other organization can 


If such knowledge is 


succeed. 

Is there any scientific knowledge which, if 
applied, would have rendered the Versailles 
settlement less absurd? Assuredly there is, 
and much of it even was called to the atten- 
tion of the peacemakers. The peacemakers 
in turn may have known better than their 
actions indicate. They probably felt, and 
correctly, that public opinion would not tol- 
erate a less vindictive or a more intelligent 

To win a war it is undoubtedly 
to fabricate a distorted 
picture of the world and especially of the 
enemy. This picture cannot be immediately 
srased when peace comes. Consequently, 
is necessary to write a peace which corre- 
sponds not to the actual conditions that exist 
but to an illusion carefully built up during 
the course of the war. Such a peace again 
leads to war and thus perpetuates the vicious 
circle. 

The scientist must reckon with this situa- 
tion quite as realistically as with economic 
arrangements and the location of boundaries. 
That is, the distorted state of public opinion 
is an important factor in the peace negotia- 
tions. This may require the deliberate inclu- 
sion in the peace terms of enough vindictive 


settlement. 


necessary erossly 








90 THE SCIENTIFIC MONTHLY 


and irrational elements to make the settle- 
ment tolerable to the victors and not unbear- 
able to the vanquished. This is the very 
essence of appeasement and compromise. It 
affords opportunity also for the social psy- 
chologist to devise symbolic rites of expiation 
and wish-fulfillment so that these war-stimu- 
lated needs may be satisfied as harmlessly as 
possible. To do this, the social scientist 
himself must maintain, during both war and 
peace, a scientific view of the social relations 
of nations. He must hew to the line as a 
scientist, whatever illusions he may wish to 
cherish as a citizen. 

So much for the logic of appeasement and 
compromise. Let us examine another red 
rag which all patriotic bulls are supposed to 
attack with everything in them. I refer to 
the word isolationism. 

Currently, the term isolationism is sup- 
posed to refer to a certain type of interna- 
tional policy, allegedly supported by a con- 
siderable section of opinion in this and other 
countries. What does the social scientist find 
when he examines the facts? The first thing 
he finds is that in modern western civilization 
there has been no such thing as political, 
geographical, or economic isolationism. The 
next thing the scientist finds is that even 
politically, and this is usually what the term 
means, the doctrine has been formally almost 
unanimously disavowed in this country for 
over a century. The Monroe Doctrine obvi- 
ously constitutes such a disavowal, and we 
have shown no hesitation in making it good 
by force of arms. 

To whom or what, then, exactly does this 
term apply? It is actually, of course, only 
an epithet. Isolationism has been used re- 
cently in this country to apply to the oppo- 
nents of the present administration’s foreign 
policy ; that is, Foreign Policy No. 2, the one 
beginning in 1937, as contrasted with the 
previous Policy No. 1 which, in current 
terminology, must be designated as isolation- 
ist. I am not here concerned, fortunately, 
with the merits or demerits of either policy. 
Either one, pursued consistently, might have 
been defensible. I am concerned as a scien- 
tist at the moment only with an inquiry into 
the actual meaning of a category. Now it is 
true that, while none of the so-called isola- 
tionists contemplated any retrenchment in 


the Monroe Doctrine, they did oppose ;, 
extension as a political policy to the Britis 
Empire, Poland, China, and other plac 
As for economic and other internation, 
relations, these have always been pursyp 
rather independently of the Doctrine apy. 
way. That is, the so-called isolationic, 
advocated the continued maintenance a, 
adoption in other continents of polit 
regionalism such as the Monroe Doctriy, 
represents. 

Only about a year after our entry into th 
war, it began to appear that this was wha 
everybody had in mind. The Vice-Presidey; 
declared that ‘‘purely regional probley 
should be left in regional hands.’”’ ‘‘Pa) 
America,’’ he says, ‘‘ while concerned, s! 
not have to be preoccupied with the problens | 
of Europe.’’ Subsequently, Mr. Church; 
advocated the same idea in ealling for 
Council for Europe and a Council for Asis 
It is true that Mr. Wallace in the sam 
speech also came out for ‘‘supervision, or 
least inspection of the school systems of Ge: 
many and Japan.’’ Perhaps, on further 
thought, it will be decided that this ha 
better be left to regional jurisdiction als 
since we might not like the suggestions that 
Kurope and Asia, respectively, might mak 
regarding what we should teach in America 
schools. 

It is true that there is much vague talk 
about some kind of world organization in 
addition to the regional Councils. But this 
organization will apparently not interfere in 
the regional political concerns of the Coun- 
cils. This seems to be the upshot of the great 
excitement about isolationism. Parentheti- 
cally, this seems to me a relatively sensible 
approach to the world situation, though it 
leaves unanswered many nice questions 
raised by such pronouncements as the Four 
Freedoms and the Atlantic Charter. I sug- 
gest that it is the business of social scientists 
to examine the content and implications of 
these programs, especially with reference to 
their feasibility in view of ‘‘existing commit- 
ments,’’ as the Charter blandly put it. By 
a responsible consideration of such problems, 
social scientists may contribute a great deal 
toward alleviating the shock, disappoint- 
ment, frustration, and let-down, with their 
accompanying dangers, which tend to follow 

















5 
pose jx | | in the wake of idealistic wars. Social scien- 
© Britis, i tists could also perform a valuable service 
Places ) py examining realistically the claims of every 
Nationg] ‘ nation to be fighting a war for defense and 
Pursue) : survival; or by examining whether such 
ine any. | terms as applied in modern warfare are not 
ationiss | quite devoid of objective meaning. 
nce an | | have introduced these views on some as- 
politica ; pects of the current situation merely to illus- 
JOetrine trate what seems to me the type of problem 
that faces the social scientist if he wants 

into the to work as a scientist. If these questions are 
aS What answered objectively, the answers may con- 
"eSident tribute considerably to a more rational de- 
roblems termination of present and future social pol- 
** Pan. icy. If such questions are not objectively 
Should answerable among scientists, that merely re- 
Oblems flects the unsatisfactory development of so- 
urchil| cial science. Social scientists, as well as the 
for a | | physical and biological scientists, must go 
r Asia. | behind the more obvious and generally ac- 
. same cepted appearance of things and identify 
, OF at them in all their superficial novelty as merely 
f Ger. special cases of principles already under- 
urther stood. It is this point which interests me at 
S had present, not the illustrations I have used. 

1 also 

s that III 

make That there is disagreement among so- 
rican called social scientists on such matters as I 

have discussed, and hundreds of others that 

» talk might be mentioned, is perhaps the best evi- 
mm in dence of the unsatisfactory development of 
t this } these sciences. We do not have generally ac- 
re in cepted and demonstrable generalizations, nor 
Joun- do we have adequate diagnostic power to 
rreat place new occurrences promptly and surely 
heti- into their proper categories and therefore to 
sible deal with them according to known prin- 
rh it ciples or laws. 

ions This raises the crucial question of whether 
‘our social phenomena are indeed subject to scien- 
sug- tifie treatment. That question I have treated 
tists at length in other places and have no doubt 
s of _ of the affirmative answer. To those who 
e to _ think the answer is negative, and formal 
mit- + proof obviously cannot be forthcoming until 
By , after the fact, I can only say that we must 


ms, ' proceed on the affirmative hypothesis or else 


eal ' stop claiming to be scientists. The desira- 
int- bility of a social science comparable in scope, 
eir precision, and application to the mature 


ow physical and biological sciences is rarely 
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questioned. Are we likely to make progress 
toward this goal if we assume that a natural 
science of social phenomena is impossible ? 

It comes down to this: Shall we assume 
that man’s social behavior, including all his 
thinking, knowing, and acting, is subject to 
study in the same framework as the rest of 
nature? Pierce, James, Dewey, and Bentley 
are the great names which, in direct line of 
advance from Darwin, have espoused the 
theoretical tenability of this view. They 
have examined man as an organism behaving 
in the world of his origin with all of his eul- 
ture, knowledge, thoughts, and aspirations in- 
cluded. Who that examines both the theory 
and the data that already have been adduced 
te support this hypothesis can doubt that all 
social behavior can be understood within the 
framework of natural science? To deny it 
throws mankind forever back into the brutish 
abyss of the animistic and supernaturalistie 
conception of himself and the universe. 

It is not necessary for my present purpose 
to go into any argument as to the possibility 
or probability that the social sciences can ap- 
proach the exactness and applicability of the 
advanced physical and biological sciences. 
Only the future can answer that question. 
No matter how men may disagree on that is- 
sue, all social scientists seem to be agreed on 
one thing, namely, that there is room for im- 
provement in our respective disciplines. 
There is also a fair amount of agreement as 
to the unquestionably feasible next steps. 
For example, we probably agree that social 
scientists have some and 
standards which must be observed in their 
work which the artist, whether novelist, 
dramatist, journalist, or propagandist, is not 
obliged to observe, although he may other- 
wise often deal with very similar material. 

Perhaps I can best summarize the point 
by an illustration. A distinguished political 
scientist of Cambridge University, writing a 
short time ago in The New York Times Maga- 
zine on ‘‘Europe’s Portrait of Uncle Sam,”’ 
makes the following revealing statement : 


responsibilities 


The movies do give an impression of ease, of a social 
fluidity that may be false but is certainly seductive. 
I have read too many powerful American novels to 
assent readily to the thesis that, on the whole, life in 
America is easier and happier for the common man 
than in any of the European industrial countries, but 
were it not for those powerful novels I should assent 
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to this view, and most Europeans only know and 
believe what they see in the movies. 

That is, while most people in Europe get 
their ideas about America from the movies, 
this great scholar is not so gullible. He 
checks on the reliability of the movies by 
reading novels. In short, if we really want 
to know how things are at the bottom of a 
rabbit hole, read a work by Lewis Carroll for 
the report of an eyewitness named Alice. 
Also, if you want to check the reliability with 
which the English novel portrays English 
life, visit the English movies. 

Without claiming for a moment that this 
is a typical instance of the methods by which 
social scientists arrive at their conclusions, it 
does emphasize one of their principal faults, 
namely, the factual inadequacy of their re- 
ports on a purely expository level, even when 
intentional or unconscious bias is not present. 
I have already pointed out how personal bias 
resulting from misfortune or dramatic ex- 
periences may warp the judgment and dis- 
tort the perspective of even able and well 
trained scholars. The inadequacy and non- 
representativeness of the data at the founda- 
tion of current social science generalizations 
is unquestionably a major and all-pervading 
fault of these sciences. Whatever differences 
of opinion may exist regarding the degree to 
which this fault can be corrected, probably 
we all can agree that improvement is neces- 
sary and possible. If we believe that there 
is a basic difference between the report of 
the social scientist and the journalist or the 
novelist, then we should strive to make that 
difference increasingly clear. 

This is not to say that the novel may not 
be both factual and representative. We 
merely must remember that it is not an obli- 
gation for the novelist to be either; a good 
story need not be factual or typical; it has to 
be both in order to be a useful basis for 
scientific generalization. Nor can we judge 
factuality or representativeness merely by 
our own feelings that the tale ‘‘rings true.’’ 
If we ourselves have an inadequate or a dis- 
torted notion of the facts and the perspective, 
then only a distorted image will ‘‘ring true.’”’ 
Whatever may be the ultimate possibilities of 
the social sciences, surely we can agree on the 
necessity not to mistake mere personal con- 
viction for proof. Scientific methods are de- 
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signed for this purpose. Generalizatio, 
from inadequately tested and unrepresents. 
tive data is perhaps the most elementary 
type of error in science. Yet it is one of th 
commonest faults of the social sciences. 

It is the fate of every science, in its early 
stages especially, to be trailed by bogus camp 
followers and quacks whose product is indig. 
tinguishable to the public eye from the rea] 
article. In the long run, only the superiority 
of science can win for it recognition over 
counterfeits. The social sciences will gaiy 
recognition in proportion as they develop the 
capacity to deliver the things that the publi 
expects from science. 


IV 

Finally, it is the business of social scien- 
tists to educate others to the idea that human 
affairs are subject to objective scientific 
study. This is perhaps more important than 
the mere imparting of a knowledge of subject 
matter and of technical methods. The masses 
of men today who do not know much about 
the technical details of the physical sciences, 
nevertheless have a rudimentary understand- 
ing of the assumptions and the methods of 
these sciences, as compared with the super- 
stitions and animistic beliefs of other days. 
The masses of men today recognize the au- 
thority of these sciences and rely upon them 
for guidance. While the idea that human 
relations are subject to the same approach 
has been growing steadily since Darwin, at 
least, there is still widespread doubt as to 
the authority of the social sciences. We must 
admit that, in part, this public skepticism is 
justified because of the inadequate develop- 
ment of these disciplines. Much of the lack 
of respect for social science, however, is due 
to ignorance of the actual attainments and 
possibilities of these sciences. To the extent 
that this is true, we must strive for the wider 
diffusion of the idea that man’s last, best 
hope is in the extension to human relations 
of the scientific methods that have been so 
conspicuously successful in solving our phys- 
ical and biological problems. 

The existence and validity of the social 
sciences must above all be impressed on other 
scientists. The public regards them as the 
authentic spokesmen of science, and when 
they express grave doubt, as they frequently 
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do, regarding the hope of a scientific ap- 
proach to human affairs, these views are 
likely to carry great weight with the public, 
which is therefore inclined to look elsewhere 


for help. I shall give only a single recent 


illustration. 

In his presidential address to the Ameri- 
can Association for the Advancement of 
Sejence in December, 1942, Irving Langmuir 
made this statement: 


To avoid alternating periods of depression and pros- 

nerity economists propose to change our laws. They 
ré ason that such a change would eliminate the cause 
of the depressions, They endeavor to develop a 
science of economies by which sound solutions to such 
problems can be reached. 
' [ believe the field of application of science in such 
problems is extremely limited. A scientist has to 
define his problem and usually has to bring about 
simplified conditions for his experiments which ex- 
‘ude undesired factors. So the economist has to 
invent an ‘‘economie man’’ who always does the 
thing expected of him. No two economists would 
agree exactly upon the characteristics of this hypo- 
thetical man and any conclusions drawn as to his be- 
havior are of doubtful application to actual cases 
involving human beings. There is no logical scien- 
tifie method for determining just how one can form- 
ulate such a problem or what factors one must ex- 
clude. It really comes down to a matter of common 
sense or good judgment. All too often wishful 
thinking determines the formulation of the problem. 
Thus, even if scientifically logical processes are ap- 
plied to the problem the results may have no greater 
validity than that of the good or bad judgment in- 
volved in the original assumptions. 


From illustrations of this type, this phys- 
ical chemist expresses further grave doubts 
about the utility of science in the field of 
social relations. He says: 

It is absurd to think that reason should be our 

guide in all cases. Reason is too slow and too diffi- 
cult. We do not have the necessary data or we 
can not simplify our problem sufficiently to apply 
the methods of reasoning. What then must we do? 
Why not do what the human race has always done— 
use the abilities we have—use common sense, judg- 
ment and experience. We under-rate the importance 
of intuition. 
He concludes with the vague suggestion that 
in human relations ‘‘morality and decency,”’ 
being ‘‘a kind of summation of the wisdom 
and experience of our race,’’ are perhaps our 
safest guides. 

It is unnecessary to go into an extended 
analysis of these remarks. No one will 
quarrel with Dr. Langmuir when he points 
out that the formulation of problems and the 


decision as to what to include and what to 
exclude in a definition or a problem ‘‘ 

down to a matter of common sense or good 
judgment.’’ Nor will anyone disagree with 
him when he points out that ‘‘scientifically 
logical processes’’ applied to a problem may 
yield results of ‘‘no greater validity than 
that of the good or bad judgment involved 
Obviously 


comes 


in the original assumptions.”’ 
these platitudes apply with equal force to 
physical problems. They are here put for- 
ward, however, as unique and more or less 
insuperable to the social sciences. When 
confronted with these and other staggering 
considerations of the same type as they ap- 
pear in the social sphere, what does the dis- 
tinguished Nobel Prize winner in chemistry 
‘“Why not do what the human 
ie use 


advocate ? 
race always has done,’’ he says, 
the abilities we 
judgment and experience.’’ 

Again, certainly no one in any science will 


have—use common sense, 


disagree with the advice as far as it goes. 
Certainly, even Dr. Langmuir can use only 
the abilities which he has, and on every level 
of science it is agreed that common sense, 
judgment, and experience are invaluable. 
The unfortunate suggestion of the statement, 
especially in its context, lies in its implica- 
tion that this is all we should attempt to rely 
upon in the social sciences. This is directly 
giving aid and comfort to obscurantism, and 
directly suggests that the most we can hope 
for in the sphere of social knowledge is folk- 
lore, with all of its superstitions, its mysti- 
cism, and itserror. To be sure, man has sur- 
vived after a fashion even with this defective 
guidance. To be sure, morality and de- 
cency are based on the experience of the race 
as defectively observed, interpreted, and 
handed down. It is not necessary to deny 
an element of validity even in many pri- 
marily magical practices. It is grossly mis- 
leading, however, to fail to point out at the 
same time that it is only as science has sub- 
jected the elementary methods of common 
sense to its own rigorous discipline that the 
practices and the advice of old women, sages, 
and seers, heavily fortified by morality and 
decency, have been supplanted by modern 
medicine and technology. 

Ludicrous as it may seem, one of the prin- 
cipal obstacles to the development of the so- 
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cial sciences is the attitude of some distin- 
guished physical and biological scientists, 
especially of the older generation. Fortu- 
nately, the younger generation, as a result of 
some training in the social sciences and by 
virtue of a better knowledge of the nature 
of science, will be less of a handicap to the 
advancement of the social sciences. Indeed, 
the urgencies of the social situation may turn 
the attention of many physical scientists to a 
serious study of the problems of the social 
sciences. This is to be weleomed with the 
greatest enthusiasm. We desperately need 
men with the scientific ideals and technical 
proficiency so common in the other sciences. 
We have profited much from them in the 
past. Consider the contribution of Comte 
and Ward in sociology, Marshall in econom- 
ics, Thurstone in psychology, and Boas in 
anthropology, to mention only a few. All of 
them were trained originally in the other sci- 
ences. Let us hope that many physical and 
biological scientists in the future will turn 
their attention seriously to the problems of 
the social sciences. Let us try to educate the 
rest to a broader conception of science than 
many of them now have. 


V 


I have now reviewed what I believe to be 
some of the principal conditions for the ad- 
vancement of the social sciences. They are 
conditions which to many people seem harsh 
and inhuman. They are conditions which 
demand a stern control of many laudable 
emotions and sentiments which have through 
the centuries beclouded and distorted man’s 
judgment of human affairs. No one ques- 
tions the necessity or desirability of the sen- 
timents of love, hate, approval, and indigna- 
tion in the attitudes of the members of a 
community. Nor does anyone question the 
right of the scientist as a member of a com- 
munity to share these emotions both toward 
community affairs and toward the standards 
of his own science. Science merely requires 
that these sentiments must not be allowed to 
distort observations or to deflect the rigor of 
scientific reasoning. 

We know how greatly wishful thinking has 
warped man’s theories, observations, and rea- 
soning about his world. Only in recent cen- 
turies has he imposed upon himself objective 
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criteria in the form of instruments and ry) 
of logic to check his conclusions, chiefly ». 
garding the physical universe. He has oft» 
resented bitterly the conclusions forced yy, 
him by these methods when they have ey». 
flicted with his traditional beliefs. It js »,; 
surprising, therefore, that he should be ey 
more resentful of some scientific conclusipys 
regarding social relations. 

This resentment frequently finds expr, 
sion in diatribes against the ‘‘materialisy 
‘*inhumanity,’’ and lack of moral fervor ths 
characterize science. Against this apparey; 
callousness of science is invoked the im 
tance in human affairs of vision and idea); 
Here is alleged to be a conspicuous failing 


oo 





of science as applied to human affairs, what. 
ever virtues it may possess in other matters 
The feeling is so widely and sincerely held 
that it deserves sympathetic consideration. 

It has been said that ‘‘where there is » 
vision, the people perish.’’ Science certain) 
has no quarrel with this adage, for all scien. 
tific activity is a quest in pursuit of a vision 
namely, the hypothesis which gives directio 
and meaning to scientific enterprise. No one 
knows better than the scientist, therefore, th 
importance of vision in human activity. The 
scientists and men in general know that a 
great deal depends upon the nature of the 
visions they elect to pursue. People who d 
not show a certain discrimination in th 
visions which they see and follow are in fact 
carted off to asylums to protect them and 
their fellow citizens from untimely and w- 
seemly ends. In short, where there is irre- 
sponsible and fantastic ‘‘vision,’’ the people 
are also likely to perish. 

Perhaps it would be well for the great ex- 
ponents of ‘‘vision’’ and ‘‘ideals’’ in human 
affairs to give more emphasis to this side of 
the matter than is customary. To be sure, 
the idea is implicit in most discussions of the 
subject. That is, when people advocate vision 
and ideals they usually mean desirable, at- 
tainable goals. Nevertheless, a more careful 
scrutiny of social ideals and visions is per- 
haps one of the crying needs of our time for 
pretty much the same reason that it has been 
found necessary to restrict or supervise the 


applied idealism of advertisers, patent medi- 
cine venders, faith healers, and stock sales- 


men. It is doubtless a shocking thought that 
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‘the visions for which men sometimes die and 
B the ideals for which leaders are venerated 
should sometimes be indistinguishable from 
‘fagrant fraud and colossal ignorance. A 
‘sober survey of the history of idealism will 
i nevertheless reveal such to be the case. 
’ We must here distinguish sharply between 
; those idealists who have specifically declared 
‘that the kingdoms they envision are defi- 
i nitely not of this world and those who 
’ equally specifically declare their programs to 
’ be for all men everywhere and in our time. 
Certainly no one objects to the dreams of 
| seers and sages regarding the ultimate des- 
tiny and complete happiness of man. Nor 
'do we contemplate depriving man of ro- 
mantic literature, or of all of the satisfac- 
tions which indubitably derive from fable, 
| myth, and story. There is no question that 
these imaginative realms greatly enrich life 
and influence conduct. For this reason, also, 
the somewhat indiscriminate deprecation of 
escapism is quite unwarranted. All that 
' needs to be deplored is the inability to dis- 
tinguish between fact and fable, the prac- 
tical and the fantastic. Escape from the 
eares of the day has always been sought, has 
been anticipated with joy, and has refreshed 
the body and mind. Different people will 
find this escape in different ways. Some find 
it in mathematics and philosophy, some in 
music, some in poetry, and some at the 
movies of Buck Rogers’ rocket trips to the 
} © moon. I have no objection even to the last 
mentioned, provided the beholder does not 
try to take off in his car on the way home. 
This is precisely the important qualification 
that must be insisted upon regarding all 
visions and ideals. Unbridled social idealism 
unbalaneed by scientific criteria as to possi- 
bilities and cost is a social liability and in 
effect a type of fraud on the body politic. 
Social scientists are at a considerable dis- 
advantage today in competition with profes- 
sional social idealists. Honest physicians 
were once at a similar disadvantage in rela- 
tion to the snake oil practitioners. The latter 
promised quick and painless cures—no pains- 
taking diagnosis or complicated course of 
treatment over a period of time was required. 
The offerings of social scientists today seem 
| weak, uncertain, painful, and costly as com- 
| pared with the proposals of the professional 
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idealist whose lyrical sales talk clogs the air- 
ways, fills the press, and thunders from the 
platform. Science is not without its own 
ideals. But it has the decency to stipulate 
also the degree of probability of their attain- 
ment in given circumstances and periods of 
time. 

The time will perhaps come when the irre- 
sponsible idealist will be regarded no more 
highly than other venders of bogus gold 
bricks. Today idealists go up and down the 
land with offerings that are as fraudulent as 
any patent medicine or snake oil that was 
ever retailed. Yet these are the respectable 
leaders of the day. It is true that the snake 
oil vender usually knew he was a fake, 
whereas many social idealists believe what 
they say. This, however, does not affect the 
truth or the frequently disastrous results of 
their respective offerings. Hitler’s reported 
advice with respect to lying, namely that a 
big lie is believed more readily than a small 
one, seems to hold also for a certain type of 
social idealism. A ham-and-eggs program 
for California is not taken too seriously, but 
a similar program for the whole world may 
be widely praised in the name of idealism. 
Those who demand the specifications of these 
grandiose projects and a look at the balance 
sheet of estimated costs and probabilities of 
success are castigated as cynics and ignoble 
characters. Nevertheless, a decent respect 
for certain facts and principles now known 
by social scientists would greatly modify the 
nature of projects embarked upon today by 
the statesmen of all nations, to the great ad- 
vantage of their constituents in every land. 

The function and power of ideals in hu- 
man affairs has nowhere been questioned. 
Indeed, this essay is itself idealistic. But we 
have neither advanced counsels of perfection 
nor advocated unattainable goals. There is, 
unfortunately, in science, as elsewhere, a 
type of idealism closely resembling that criti- 
cized above. It demands that social scien- 
tists present here and now formulations com- 
parable in precision and predictive power to 
those of the advanced sciences. We have 
rather taken the position that in science and 
idealism half a loaf is better than loafing, 
and that the road of science is a long, rough 
road. Ideals we must have. Let us distin- 
guish between ideals and illusions. 











THE JOURNEY, NOT THE GOAL’ 


By CURT STERN 


COOPERATION in science has become one of 
the keynotes of our times. It is said to be of 
help in solving problems that surpass in ex- 
tent the powers of work or the span of life 
of a single person, in combining the resources 
of various scientific disciplines, and in accel- 
erating the tempo of scientific progress. 
Committees administer funds devoted to 
joint attacks on the riddles of cancer, radia- 
tion, and sex. Foundations map out coordi- 
nated programs upon which they then grant 


the smile of financial support. Heads of 
laboratories and individual investigators 


plan the course of group activities. 


I 


It would be ridiculous to deny the useful- 
ness, the desirability, and the necessity of 
scientific planning and teamwork. It is a 
cause for rejoicing that the cooperation of 
observatories can be enlisted to provide a 
more complete knowledge of the astronomical 
universe ; or that the several hundred inves- 
tigators who use the fruit fly in their study 
of heredity and who, although separated by 
thousands of miles, are enabled to consult 
each other’s stock lists through the Dro- 
sophila Information Service. There is no 
doubt that the attainment of practical goals 
of research, as it is incorporated in the tech- 
nical and medical structure of our civiliza- 
tion, has been due to planned collaboration 
of many workers. True it is also that many 
of the bridges which now join formerly sepa- 
rate fields, such as biology and chemistry, or 
physies and geology, had to be built by the 
joint efforts of helpers on both sides of the 
original gap. 

Planning, even from the point of view of 
the individual, is a condition sine qua non. 
The selection of certain problems as worthy 
of study and the rejection of others involve 
a consideration and an intentional molding 
of the future of research. This is unavoid- 


* The following thoughts were written down before 
the war. Whatever truth may be found in them will 
bear profession and defense at any time, and espe- 
cially during the war. 
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able to the investigator who seeks coor(j. 
nated insight rather than an assemblage 9; 
unrelated facts. These statements are yy: 
contradicted by the proverbial experieye, 
that the most striking scientific developments 
generally have not been planned in advyane 
nor by the fact that many attempts at sciep. 
tific foresight have not brought the hoped-fo; 
unity of results. 

Important as they are, the obvious gains 
brought about by cooperation and planning 
have tended to obscure the danger of a grea 
loss. The meaning of science is not ex. 
hausted by reference to its special attain. 
ments and goals. It surpasses its great ti 
the scientific method, the weighing of ration. 
ally gathered evidence regardless of irra. 
tional prejudices, one’s likes or dislikes. | 
even goes deeper than the search for the 
evasive ‘‘truth.’’ One of the fundamental 
aspects of science is its lack of purpose. 
Like a leitmotif of the artist, one underlying 
theme of science is complete self-sufficiency, 
the exhaustive living in the moment, the self- 
forgetting abandonment to a determination, 
the source of which is wholly contained in 
the subject matter itself. This essence of art 
and of science may seem contradicted by 
another characteristic, the creative attitude, 
but do not mountains present different views 
from different angles? Yielding abandon- 
ment and willed creation both are elements 
within the artist and the scientist. 


II 


Science, during the last one hundred or 
more years, has been in the dangerous posi- 
tion of a successful poet who started by com- 
posing songs of joy and sorrow to lighten 
the burden of his own soul only to find that 
they became best-sellers. He continues to 
appeal to the publie’s clamor for more and 
his annual output is large and satisfying, 
but though the product still shows clearly 
the stamp of its originator, the human ring 
of the first slender volume has only rarely 
been found again. 








Coord). 


blaze 


are not 
eLience 
PMents 


dvance 
t SClen- 


ped-for 


anning 
a freat 
Ot ex. 
attain. 
At tool, 
ration- 
" irra- 
es. It 
yr the 
nental 
rpose, 
rlying 
lency, 
e self- 
ation, 
ed in 
of art 
d by 
tude, 
views 
1don- 
nents 


d or 
posi- 
com- 
hten 
that 
Ss to 
and 
ing, 
arly 
ring 
rely 





| 








: 
a 
¢ 

‘ 

me 


Se aa ee ae ae 
a Sie aos: 


iE Sia inl bea seen 


sai! 


Peet meats 


B cial. 
: infinitesimal caleulus, was a diplomat and 





THE JOURNEY, 


Sejence as a profession has been a rather 
‘modern development. Many of the great 
Pmen of the 17th and 18th centuries made 
‘their discoveries in the spare time left after 
Ptheir everyday occupations had earned them 
g th eir living. Leeuwenhoek, the discoverer of 
a hitherto unknown invisible world of micro- 


q § scopic living beings, was a minor civie offi- 


Leibnitz, one of the originators of the 


é courtier. 


Priests and pharmacists, physicians and 


‘ merchants were the contributors to scientific 


> knowledge. 


professors whose 
the founders of 


Even the 


names stand out among 


‘science cannot be fully called professionals. 


They earned their living by teaching the 


‘known facts of their field and only very 


eradually did people expect new develop- 
ments from them. When they explored novel 


' aspects of nature, it was in the private capac- 


ity of searchers for secret beauties and truths, 
not as paid employees. 

All this changed in the 19th century. Ger- 
many came into the fore with her unheard-of 
pace of progress in nearly all fields of scien- 
tific inouiry. The reason for this accelera- 
tion in the attainment of knowledge was 
obvious: science became organized, coopera- 
tive, and supported in a hitherto unknown 
way by the state which controlled the uni- 
versities. A professor was expected not to 
be satisfied with handing on static knowl- 
edge; he had the dual duties of teacher and 
dynamic investigator. Likewise, his assis- 
tants’ tasks included the accumulation of 
new scientific facts, and each student was 
there not to receive instruction only, but to 
repay it with original contributions. 

The number of persons active in the execu- 
tion of scientific tasks had increased im- 
mensely over that in earlier centuries. 
Where formerly a few Royal Societies and 
Academies had assembled friends with ad- 
venturous inclinations in the realm of 
thought, there originated then hundreds of 
societies of naturalists, physicists, chemists, 
physiologists, with super associations for the 
“‘Advaneement of Science’’ to unify the 
various groups of investigators separated 
into their specialized organizations. Where 
a few Proceedings and Transactions had been 
sufficient to store the harvest of scientific 
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labor, now untold Zeitschriften, Journals, 
and Archives for a host of disciplines seemed 
hardly able to provide space for the out- 
pourings from the laboratories. 

From Germany this development spread 
to wherever modern methods of research 
were followed. Still, some countries, notably 
England, preserved more of the original atti- 
tude than others. Joule, the physicist, was 

brewer, and Charles Darwin a well-to-do 
owner of a country estate from which he 
gained his income. In our own time it may 
be difficult to match the illustrious examples 


just given, though a series of important 
English free lance investigators could be 
named. England, too, had to follow the 


large scale, cooperative trend, but the ama- 
teur tradition still appears strong in guiding 
even her professionals. It need not concern 
us here that the independence of the non- 
professional scientist in England had been 
causally connected with the specific social 
and economie stratification of that country. 
In America the organization of science has 
reached its climax with a National Research 
Council, with hundreds of universities and 
colleges which foster research, great endowed 
institutes for pure and applied science, foun- 
dations, and nearly 30,000 investigators 
listed in American Men of Science (which in 
spite of its title designs to include American 
Women of Science also). 

Science has become a profession. To be a 
scientist still can carry with it all the inner 
rewards which a deep, detached human activ- 
ity bears, but it also pays in hard cash, 
promotion in academic rank, in prestige 
within one’s own group, and even in the 
outside world. Instead of letting the in- 
vestigator find supreme happiness in his 
journeying, we have built up a system of 
compensating him for reaching a goal. Mem- 
berships in select societies, presidencies and 
vice-presidencies, medals, prizes, and ‘‘im- 
mortalities’’ of five or more years’ duration, 
acknowledged by small or large groups of 


colleagues, attempt to lure the wanderer 
away from a more appropriate view of his 
task. 


III 


The deflection of the scientist from his 
original path is particularly easy when the 
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products of his work lead to practical re- 
sults. It is significant in this respect that 
some fields of science have been able to retain 
more of their primal status than others, and 
with everyone’s full approval. Whose heart 
does not beat faster when he hears of the 
astronomer’s search? Who doubts the value 
of the archeologist’s labors? Astronomy 
and archeology, together with some other 
branches of endeavor, escaped most of the 
conflict between their intrinsic and applied 
values. Nobody expects the efforts of their 
devotees to lead to new cures for frailties 
of the body or to the discovery of still more 
servants of man. We cannot ‘‘sell’’ these 
disciplines for their pragmatic worth—and 
we discover that we need not do so. Under- 
standing for their functions exists and sup- 
port is offered without demand for a quan- 
titative balance sheet of money received and 
products delivered. 

It is different in those fields where hopes 
for practical achievements are obvious. 
Rightly we direct specific efforts to such 
goals and rightly do we expect every oppor- 
tunity to be grasped which may offer help 
and relief in our daily lives. Even when we 


contemplatively follow our paths and with- 
out thought of final application, we know 
that such application might, nay, will be 


forthcoming some day. But also, how con- 
venient do we find it, when we doubt our- 
selves or are afraid of standing up for our 
cause, to recall that ‘‘fool-experiments’’ so 
often turned out to be the beginning of most 
rewarding practical pursuits. Thus we be- 
tray the other motive of our labors, and are 
the poorer for it. Nor is this our only loss. 
We permit the misplaced emphasis on the 
practical accomplishments of some of the 
Natural Sciences to separate us from our 
comrades in spirit, the Humanities. All 
mankind suffers under such lack of under- 
standing, not only the individual disciplines 
on both sides of the barrier. For what should 
these disciplines be but interrelated attri- 
butes of man and not specialties of men! 


IV 


Unlike the tangible results, the ideological 
basis of science cannot be advertised in strik- 
ing headlines; such as, ‘‘Tea acts as stimu- 


lant in the morning, as sedative at nic}; 
says scientist.’? Too often even scientic;, 
themselves lose sight of the purposeless ax. 
pects of their calling; particularly since they 
have to devote so much time to the mastery, 
of tools that many never graduate from t} 
state of the—however accomplished—tec}. 
nician to that of the scholar. 

Some years ago I revisited one of the crea; 
institutions of research in this country. | 
was glad once again to see my colleagues jy 
age and experience and to meet the somewha; 
younger members whose contributions had 
earned them respected names. We talked 
about the developments current in this cep. 
ter, about everybody’s problems, ideas, anj 
accomplishments. It was a group of friend) 
cooperators. Each shared his thoughts wit! 
the others and each quoted freely the views 
of the next, not forgetting to give due credj 
to the originator. There was no mention of 
one man, a somewhat older member of the 
laboratory, not by any means an old man, 
for he had not yet ended the fifth decade 
of his life. When we bright young men were 
still in grade or high school, he was already 
following an intricate path in science, the 
description of which has become one of thie 
rare, true classics in his field. It had been 
the opening fanfare to a series of discoveries 
of lasting beauty. The name of this man 
inevitably would come to mind among the 
first when one thought of this group which 
his ideas had helped to found. 

‘“‘How about Sedgwick?’’, I inquired. 
‘*Sedewick?’’—embarrassed shrugging of 
shoulders. Good old Sedgwick, he did not 
swim in the common stream. He did not 
participate very much in the most modern 
discussions. He tried to linger along the 
routes which the army whose advance guard 
he once formed had left behind. To smooth 
the roads, to open some pretty side views was 
not completely useless, my friends said, but 
was it not too bad to stay away from the 
joint, cobperative attempt to add a new mile 
to the highway ? 

The later comers had forgotten the begin- 
nings of the highway. Dreamy followers of 
crooked paths had been their predecessors. 
Had the man, whose absence in their midst 
they considered with regretful condescen- 
sion, remained on the highway of his period, 
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snstead of wandering on side lanes, they 
vould not have been able to push along their 


well-planned drive. However, this forget- 


fylness was not what saddened me, but 


rather that the younger group did not recog- 
nize the grandeur of the lonely beholder of 
hidden vistas, regardless of whether these 
might become the vantage points of hordes 
of exploiters or whether they remained ob- 
secure. My friends were not immune to the 
urge to wander in solitude, but they did not 
realize that those rarer moments of their 
lives embodied more of an essential feature 
of man’s cause than the long periods of goal- 
hunting cooperation. 

It really spoils the moral of this story, but 
I cannot refrain from mentioning that some 
of the side views, which the man whom we 
called Sedgwick has cut out since that epi- 
sode, have led to broad bases for cohorts of 
followers. 


V 


We are often told that the value of scien- 
tifie cooperation extends beyond its immedi- 
ate goal, that it is a form of altruism which 
by necessity paves the way for larger efforts 
of human collaboration. Here is a group 
of people who practice daily the moral teach- 
ing of mutual help. Must they not be led to 
adopt a general attitude of humane spirit? 
Alas, this is not much more than a pious hope. 
Do not business men join in associations in 
which they cooperate according to a circum- 
scribed code—and do they not engage in vio- 
lent competition among themselves in spite 
of it? Do not the teachings of patriotism 
and nationalism imply a worthy cooperation 
within large groups of individuals and do 
they not too often at the same time set rigid 
limits to brotherly love and even incite to 
hatred toward those outside one’s own 


» nation? 


Nowhere could the supposed effect of scien- 
tifie cooperation be better tested than in 
international scientific congresses. Here 


| often fifty or more different nations, of dif- 


ferent cultural background, of different skin 
color, and with most diverse political prob- 
lems and goals peacefully sent delegates to 
ohe common meeting-ground to discuss scien- 
tifie matters, to live together, to join in com- 
mon receptions, dinner-parties, and excur- 


sions. Never did the welcoming speakers 
forget to tell such a gathering that it repre- 
sents a hopeful sign, a new link in the bond 
that will bring all the peoples together in 
civilized cooperation. But watch the indi- 
vidual delegates! Observe the fight to have 
this or that tongue admitted as an official 
language of the congress. Follow the strug- 
gle as to which country will carry away the 
prestige—not the honor—of being the seat 
of the next international meeting. Many of 
the scientists seem to regard the congress as 
an arena in which to exhibit the virtues of 
their nation, a battlefield on which to guard 
their people jealously against any attacks 
from the enemies. Yes, one could tell true 
stories where the housing of some delegates 
on the fourteenth instead of the fifteenth 
floor of the dormitory—or was it the reverse? 
—had been turned into a ‘‘diplomatic’’ 
affair ! 

However, this is indeed not a complete 
picture. There were sincere sentiments pres- 
ent among the participants of such coopera- 
tive meetings so that general human under- 
standing and mutual help in all civilized 
endeavors were sought. Bonds between 
nations became visible and artificial barriers 
disappeared. The contrast between national 
jealousies and honest joining of hands is not 
to be wondered at. Science as a technique, 
as a profession out for results—why should 
it foster wider human ideals? It is a closed 
system in which purposes, if fulfilled, con- 
stitute its own limits. On the contrary, 
science as an expression of a deep general 
human trait, as the detached attitude of the 
enchanted searcher and spectator transcends 
itself in wanting all truly human qualities 
expressed without external restraint. The 
comradeship of the great has always disre- 
garded artificial boundaries of space and 
even those of time. 

It is perhaps not without significance that 
English scholars have been among those who 
showed the clearest realization of the wider 
aspects of the supranationalism of science. 
The attitude of the amateur, the lover of his 
labors, is, as we saw, still widely spread in 
England. Continental scientists as a group 
are much more professionalized and, besides, 
they have been taught to think in separate 
compartments: collaboration in obtaining re- 
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sults—and use of the collaborative product 
for mutual destruction. In America, as in 
England, scientists are freer from prejudices 
than elsewhere. However, it may be won- 
dered what strain the American attitude 
could bear since this freedom is based less 
often on the deep recognition of the cultural 
motive of scientific search than on a fortunate 
lack of narrow nationalism. 


VI 

The line of separation between amateur 
and professional, between scholar and techni- 
cian, between the wanderer and the goal- 
hunter, does not separate individual from 
individual. It passes through most of us 
who are engaged in the pursuit of science. 
The student who devotes himself with the 
greatest abandon to the human value of his 
interests finds it hard to attain freedom from 
personal vanity and professional pride, while 
even the most mechanized worker cannot 
help feeling some of the joys of indepen- 
dence. 

This essay does not attempt to preach a 
Vart pour l’art attitude, a hopeless under- 
taking—even if it were desirable—in this 
time when the heralds of the social signifi- 
eance of science fill the air with their pro- 
nouncements. But we need a wider and 
deeper realization of the value of science as 
an expression of a detached essence of human 
existence. Even scientists often answer the 
question of why they devote themselves to 
their work by replying that they do so be- 
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cause it is fun! It is important, howeyer , 
understand that the pleasure which the jy. 
vestigator derives from his work contains » 
element of a nature different from that inher 
ent in an hour of ephemeral play. 1), 
‘‘fun’’ of the investigator transcends ; 

individual and attains its social justificatin, 
as an attribute of humanity. 

As important as the planning and the 
operative effort of scientific undertakings \ 
it follows from these considerations 
society should not subsidize and organi 
science only for its results pure or applied 
It should foster science in the same spirit 
which it erects museums, churches, ay 
‘“useless’’ monuments, in which it delegat 
painters and sculptors to adorn public build. 
ings with murals and statues, in which 
engages gardeners to plant flowers and beay. 
tiful trees within dusty cities, and, yes, in ¢! 
spirit in which it feeds and houses the swans 
which draw their quiet circles on our lakes 
and ponds. We should learn again that 
although it is not true that the journey 
all and the destination nothing, the journe 
is worth much. ‘‘A stroller can make 1 
detours,’’ said Schopenhauer. We sho 
encourage anew the roaming after knowledy: | 
for the sake of the joyful adventure. In ow | 
permanent task to give meaning to our lives 
it will help us at least as much to meet th 
lone wanderer of science as the successfu 
member or even captain of the conquering 
team. The joy of the journey is never-end- | 
ing, that of reaching a goal always passing 
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~ the great German-English astrono 
Sir William Herschel, first opened his 
ne eves on the immense starry heavens 


1738). Thomas Paine had already been 
creeping about, intent on more mundane ex- 
tions. He was nine months Herschel’s 


The paths of these newcomers were 
lestined to cross frequently, although I find 
» evidence that either was aware of the 
ther. 

At the age of nineteen, Herschel, with 
thing more than a French crownpiece in 
his pocket, reached London from Hanover. 
Paine, who had been born in Thetford, had 
eone to London, where he was eking out less 
Herschel was a musician ; 


Later, 


than a fair living. 
Paine, a staymaker 
when the one was conducting concerts, the 


of ship stays. 
ther was teaching school, and occasionally 
preaching on the side, as a Methodist. 

Both Herschel and Paine became amateur 
studying the 
Ferguson’s Astronomy, and by listening to 


astronomers by same book, 
the same scientific and philosophical lectures 
at the Royal Society. To Sir Joseph Banks, 
president of the Society, both men submitted 
reports of their scientific discoveries: Her- 
schel’s, dealing with the stars of the Milky 
Way; and Paine’s, showing the use of the 
arch in the construction of iron 
When Herschel was at Sunderland in 1761, 
‘fat Mr. Walker’s,’’ he at the 
very same place where Paine’s iron bridge 


bridges. 


dining was 
the first iron bridge traveled by commerce 
was built over the River Wear, by the Messrs. 
Walker Foundry. 

At about the same time that Herschel re- 
ceived a medal from the Royal Society, in 
recognition of his brilliant achievements in 
the field of astronomy, Paine was in Paris 
receiving the plaudits of the King and Queen 
of Franee, who, according to the French his- 
torian, Lamartine, ‘‘loaded Paine with fav- 
He had gone there with Colonel 

to secure aid for Washineton’s 
Incidentally, it took sixteen ox-teams 
to haul from Boston to Washineton’s head- 
quarters the 2,500,000 livres of silver and a 


py = 
Laurens 
army. 
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convoy ship of clothing and military stores, 


given by France to the colonies. The victory 
at Yorktown soon followed 

Herschel was given the honorary deg 
LL.D. by 
same time that the University ot 
{th of 
M.A 

In 1786, Herschel was elected a member of 
the American Philosophical Society at Phil 


ree Of 


Oxford University at about the 
Pennsvl 
vania celebrated the July by granting 


to Paine the degree of 


adelphia, of which Paine had been a member 


for a number of vears. He had prepared 
the preamble to the act incorporating the 
Society, February 14, 1780, and was Clerk of 
the Pennsylvania Assembly at the time the 
act was adopted 

And so ran, in part, the lives of these two 
‘inspired amateurs’’ of astronomy who came 
to similar conclusions as to the immensity of 
the heavens. 

The scientific activities of Paine cannot be 
considered separately from his religious opin 
ions. He always approached the study of 
science from the viewpoint of religion, and 
the study of religion from the viewpoint of 


science. ‘To him, the study of science was the 


study of God. One cannot rightly under 
stand the scientific and religious views of 
Paine, nor of Franklin, Jefferson, and other 
Deists of their time, whether in America 
France, or England, unless one realizes that 
they were essentially nature worshippers 

God worshippers through nature. Paine 
built all his political, religious, and scientific 
principles upon the laws of nature—the 


laws of God. Whether occupied in the for 
the 


founding of a chureh, or the construction of 


mation of a democratic constitution, or 


a bridge, he invariably turned to the laws 


and principles established by ‘‘The Great 
Mechanic of the Universe,’’ ‘‘The God of 
Order and Harmony.”’ 

With the intrepid, Thetford staymaker, 


all science was divine science, since God was 


‘*the Creator of Science’’ and all of its prin 


ciples. The triangle, gravitation, and the 
planetary motions were all the creations of 
the ‘' Almighty Power,’’ ‘‘ The Creator of the 
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Universe,’? ‘‘The Original Teacher,’’ and 
“The First Philosopher.”’ 

Our first secretary of foreign affairs and 
his successor of one hundred and thirty-six 
years later, William J. Bryan, agreed upon 
one point, however much they disagreed upon 
others: that our schools and colleges tend to 
produce atheists. The Great Commoner, in 
one of his lectures, charged that the colleges 
were developing infidelity and = atheism. 
“Why should the children be taught,’’ 
queried Bryan, ‘‘that it is more important 
to know the age of the rocks than to trust 
in the ‘Rock of Ages’? Why should the 
emphasis be placed on the distance between 
the stars than upon Him who binds ‘the 
sweet influence of Pleiades,’ ‘looses the bands 


of Orion,’ and ‘guides Areturas with His 


suns’?”? 

Rising, as it were, from the grave, and 
speaking again his own words, Paine could 
have joined the great orator in common pro- 
test against the teachers of science: ‘‘ What 
has man to do with the Pleiades, with 
Orion?’’ asked Paine, picking up almost the 
very words of Bryan. And then he answered 
his own question: ‘‘The Almighty Lecturer. 
by displaying the principles of science in 
the structure of the universe, has invited man 
to study and to imitation. It is as if He had 
said to this globe we eall ours, ‘I have made 
an earth for man to dwell upon, and I have 
rendered the starry heavens visible, to teach 
him seience and the arts. He can now pro- 
vide for his own comfort, AND LEARN FROM 
MY MUNIFICENCE TO ALL, TO BE KIND TO ONE 
ANOTHER’.’’ 

Continuing in his reasoning, Paine de- 
clared that ‘‘it has been the error of the 
schools to teach astronomy and all other 
sciences and subjects of natural philosophy ’’ 
as accomplishments of man; whereas, he 
insisted, these subjects should be taught re- 
ligiously, ‘‘with reference to the Being who 
is the author of them; for all the principles 
of science are of divine origin. Man eannot 
make, invent, or contrive principles; he can 
only discover them, and he ought to look 
through the discovery to the Author.’’ 

To teach science as an accomplishment of 
scientists (Paine was living in an age far 
different from ours) is to ‘‘generate in the 
pupils a species of atheism. Instead of look- 


ing through the works of creatir 
Creator himself, they stop short ar 
the knowledeve they acquire to ascr 
thing they behold to innate pro 
matter, and jump over all the rest 
that matter is eternal.’’ 

Secular schools were not alone 
Religious instruction, Paine insist 
also gone wrong. Just as science s| 
taught religiously, so religion sh 
taught scientifically. 

According to Paine’s views, reli@io) S 
not be taught solely from **opinions 
ten or printed books,’’ but ‘tin the works 
the books of creation.’’ The study ot re 
ion **in the books of opinions has ofte 
duced fanaticism, rancor, and cruelty 
temper; and from hence have proceeded | 
humerous persecutions, the fanatical qu 
rels, the religious burnings and massac 
that have desolated Europe.’’ Whereas, 1 
teaching of religion ‘‘in the works 
Creation produces a direct contrary effec 
The mind becomes at once enlightened a 
serene, a copy of the scene it beholds: int 
mation and adoration go hand in hand; ; 
all the social faculties become enlarged.”’ 

And so, this preacher of science 
apostle of ‘‘the religion of humanity” 
phrase which he himself coined—beli 
that every clergyman should be a philosop| 
and every church a school of science. 

‘*The Bible of Creation is inexhaustible 
texts. Every part of science, whether co 
nected with the geometry of the univers 
with the systems of animal and _ vegetab 
life, or with the properties of inanimate mat 
ter, is a text as well for devotion as 
philosophy—for gratitude as for human 
provement. It will perhaps be said, that 
such a revolution in the system of relig 
takes place, every preacher ought to b 
philosopher. Most certainly; and ev 
house of devotion a school of science.’ 

Under such a plan, they could rend 
religion ‘‘the most delightful and entertal 
ing of all studies,’’ wherein ‘‘scientific 
struction’’ could be given freely ‘‘to this 
who could not otherwise obtain it.”’ 
mechanic of every profession will ther 
taught the mathematical principles necess 
to render him proficient in his art; the 
vator will there see developed the princi) 
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of vegetation; while, at the same time, they 
will be led to the hand of God in all 
things.”’ 

Is the day approaching when such teach- 
ings will be recognized as indispensable to 
the larger spiritual and material abundance, 
when God and men may join forces to make 
a better world in which God and men may 
live more happily together? 

But what about God’s revelation to man? 


see 


But some, perhaps, will say: Are we to have no 
Word of God—no revelation? I answer, Yes; there 
is a Word of God; there is a revelation. 

THE WORD OF GOD IS THE CREATION WE 
BEHOLD, and it is this word, which no human in 
vention can counterfeit, that God speaketh univer 
sally to men. 

It is only in this Creation that all our ideas and 
conceptions of a Word of God can unite. The Crea 
tion speaks a universal language independently of 
human speech or human language, multipled and 
It is an ever-existing original, 
It cannot be forged; it 


various as they be. 
which every man can read. 
cannot be counterfeited; it cannot be lost; it cannot 
be altered; it cannot be suppressed. It does not de 
pend upon the will of man whether it shall be pub 
lished or not; it publishes itself from one end of the 
earth to the other. It preaches to all nations and to 
all worlds; and this Word of God reveals to mankind 
all that is necessary for man to know of God. 

Do we want to know His power? We see it in the 
immensity of the Creation. Do we want to contem 
plate His wisdom? We see it in the unchangeable 
order by which the incomprehensible whole is gov 


erned. Do we want to contemplate His munificence ? 
We see it in the abundance with which He fills the 
earth. Do we want to contemplate His mercy? We 


see it in His not withholding that abundance even 
from the unthankful, In fine, do we want to know 
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what God is? Seareh not the book eall 


ture, which any man might make, but 


} 


called the Creation. 


Twenty-one vears before Herse] 
his final conclusions (1818) on the 
*Nebular 
**1500 univers 


‘Island Universes,’’ 
**Planetary Clouds,”’ 
‘‘how the heavens move,’’ Thomas P 
discussed in The Age of Reason es 
the same subjects. The first part of { 
was mainly a treatise on astronomy 

Astronomer Paine enjoved nothin 
than to study the plurality of wor 
universes of worlds, in 


tems, and 


finitude of space; in which our littl 


‘is suspended, like a bubble or ba 
the air,’’ like ‘‘the smallest e¢rain of 
to the the th 


size of world, ’”’ or 


Sal 





particle of dew to the whole ocean.’’ 


so on and on he penetrated into space, t) 
to find the end, ‘‘till the fatigued imagi: 


returns and Savs, There is no end.’’ 
Wrote Herschel in 1817: 
with 


all see 


the stars we can 


“Our sun 
the eVeE 


deeply immersed in the Milky Way, and | 


a component part of it.’’ 
Wrote in 1797: 


svstem of 


Paine The sun 


only one system of worlds. Beyond 


planets, ‘immense as it 


nel 
alia 


S 


this 


a vast distance into space, far beyond 


power of calculation, are the stars 


fixed stars. 
they have no revolutionary motion, 


They are called fixed be 


as 


six worlds or planets have that I have be 


describing. Those fixed stars continue 


] 
aiWa 


the same distance from each other, and 


ways in the same place, as the sun does i1 


center of our system.”’ 


Then, here again Paine anticipated H: 


schel: ‘‘The probability, therefore, 


each of those fixed stars is also a sun, 1 


which another system of worlds, or } 
though too remote for us to discov: 
forms its revolutions, as our system of 
does around our sun.”’ 


is tl 


} 


Yr. ye 


worlds 


Paine theorized t] 


these worlds, like our own, are populat: 


with human beings, or beings of some ki 


His reasoning was not based alone 


0} 


peering into the infinity of spaces. He | 


about him and saw the earth and the 
and the air filled with life, from the 


Wal S 


largest 


animals to those ‘‘totally invisible wit! 


the assistance of a microscope. 


Ever 


\ 








na 


THOMAS PAINE: St 


int, every leaf serves not only as a 
] 1) 
inimal existence becomes so exceed 
ined that the effluvia of a blade of 
wuld be food for thousands. ”’ 
Since 


but as a world to some numerous 


then Paine queries ; ho part 


arth is unoccupied by life, ‘why is it 


; S ipposed that the immensity ot Space 
R iaked void, Iving in eternal waste? 
T is room for millions of worlds as large 


rver than ours, and each of them mil 
sof miles apart from each other.’’ 
Discussing further his theory of the plu 
of worlds: 


it is not to us, the inhabitants of this globe, 


that the benefits arising from 
The inhabitants of each of th 


is of which our system is composed ehnyoOy the 


a plurality ot 


ils are limited, 








They 


d the revolutionary motions of the earth, as we 


same opportunities of knowledge as we do. 


behold theirs. All the planets revolve in sight of 
therefore, the same universal school 


Neither does the 


The system of worlds next to 


other, and, 
science presents itself to all. 
owledge stop here. 
is exhibits, in its revolutions, the same principles 
ind school of science to the inhabitants of their svs 


em as our system does to us, and in like manne 
throughont the immensity of space. 
the 


His wisdom and beneficence, become 


not Almightiness of the 
Creator, but of 


rge in proportion as we contemplate the extent and 


ideas only ot 


Our 


he structure of the universe. idea of 


solitary 


The solitary 
the 


ocean of space gives place to the cheerful idea of a 


rolling or at rest in immense 


“Ps 


world 


society of worlds so happily contrived as to admin 
We 


forget to 


ster, even by their motion, instruction to man. 
see our earth filled with abundance, but we 
that 


the scientific knowledge the 


consider how much of abundance is 


owing to 
vast machinery of the 


niverse has unfolded. 


And then, in his characteristic way, which 
made for him many and bitter enemies among 
the orthodox theologians of his day, Paine 
eriticised what he believed to be the exclusive- 
ness of the Christian faith: 

But, in the midst of these reflections, what are we 
to think of the Christian system of faith that forms 
that of 


shown, than twenty 


tself upon the idea of one world only, and 


before 
An extent of 
walking at the rate of three miles an hour, for twelv 
hours in a day, could he keep on in 


0 greater extent, as is 


five thousand miles? which a man 


a circular dire 
tion, would walk entirely around in less than two 
Alas! What is this to the mighty ocean of 
space, and the almighty power of the Creator? 
From whence, then, could arise the solitary and 
Strange conceit that the Almighty, who had millions 
of worlds equally dependent on His 
should quit the care of all the rest. and come to dit 


vears. 


prote etion, 


lI 
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would become united with his improvement as a mar 
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Courtesy of The Unirversitu of Pennsulvania 

MOON SECTIONS OF RITTENHOUSE ORRERY 
with the principles of creation, as eve thing of ag 
culture, of science and e mechanics ts ] 
would teach him mor God, and the grat 
he owes to Him, than any theological Christiat 
sermon he now hears 

Had Thomas Paine never ** purchased a 
pair ol alobes.’”’ or used a telescop - he mic) t 
never have incurred the enmity of the funda 
mentalists of his day, and might have been 


listed amone the world’s sainted men 
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It is exceedingly difficult in this day to 
comprehend how it could have been possible, 
even in his day, that his belief in the plu- 
rality of worlds could have been a major con- 
tributing cause of his downfall in popularity. 
As the inspirer of the English romantic poets 
leader of the 18th 
movement, perhaps ho man 


and recognized century 
revolutionary 
had a greater following in England, France, 
Yet, the publica- 
(1794-95) 


Announcement 


and America than Paine. 
tion of The 


disastrous to his reputation. 


Age of Reason Was 
of his belief in a plurality of worlds and in 


the Bible of Creation brought upon him a 


plurality of attackers. Even as late as 1817, 
eight vears after Paine’s death, the battle 
was still raging. 

Among the many who arose to attack his 
religious and scientific theories, was the Rev. 
Thomas Chalmers, D.D. If there are other 
worlds, said he, ‘Show can we reconcile the 
fact with the silence of the Scriptures?”’ 
**What revelation?’’ Quoting from 
“*Mr. Andrew Fuller, in answer to Paine,’’ 
Chalmers continued: ‘‘If our world be only 
a small province, so to speak, of God’s vast 


about 


empire, there is reason to hope that it is the 
only part of it where sin entered, except 
among the fallen angels; and that the endless 
myriads of intelligent beings in other worlds 
are all the hearty friends of virtue, of order, 
and of God.’’ In which ease, Mr. Fuller con- 
cluded, there would have been no need for 
the Creator to send to the other 
worlds, as He had found it necessary to do 
as to the earth. 

Defending the inerrancy of the science of 
the Bible’s story of creation, and other stor- 
ies, Dr. Chalmers in his answer to Paine de- 
clared: ‘‘Thus the Bible is made to speak all 
opinions, whether philosophical or religious. 
Philosophy must submit to the authority of 
divine revelation ; until the mind is willing to 
make this book the standard of truth, and the 
foundation of knowledge, it will find no rest 
amidst the wanderings of the imagination, 
the ebullitions of vanity, and the fluctuations 
of sentiment.’’ 

It was a sad day for Paine to look back to 
—the day when he became a ‘‘master of the 
globes and of the orrery.’’ How his expert 
operation of a miniature planetarium could 
have thus brought upon him an everlasting 


his Son 
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curse, Is as interesting as it is inc 
sible in our time. 

The Hayden Planetarium in N 
City and similar places in other 


millions ot people, Wi 
thought that they tl 
euilts ot heresy. They see the POSss 


visited by 
least might 
a plurality of worlds exhibited bet 
There is the orrery that 
Yet, 


Catholic, Jew, and Protestant, memh 


Very Cyecs. 


Paine’s fame! orthodox and 





faiths and of none, flock to see the o1 
its demonstrations of our planetary 
and come away rejoicing at the ma 


saben ilthice < ekg tine, 


scientific and spiritual lessons they | 

ceived. Each and all go away Dblesse: 

confirmed in their own religious cony 
In order to understand the connect 


the orrery in Paine’s life, and the po 





cause for the curse it brought upon him, 


him tell his own story: ‘‘ After [ had 


myself master of the globes and of the orrer 


and conceived an idea of the infinity of 
and the eternal divisibility of matter, and | 


ST) 





1°} 


obtained at least a general knowledge ot 


ssialiabe panda 


is called natural philosophy, | began to con- 
pare, or, as I have before said, to confr 
the eternal evidence these things afford wit 
the Christian system of faith.’’ 

And so, more than a century and a hal! 
ago, astronomer Paine was busy with his 
tle planetarium, reaching the conclusion that 
‘“THE HAND THAT MADE US IS DIVINE.’’ 

In describing the orrery, Paine added this 
interesting footnote: ‘‘ As this book may fa 
into the hands of persons who do not ki 
what an orrery is, it is for their informat 
I add this note, as the name gives no idea 0! 
the uses of the thing. The orrery has 
name from the person who invented it. It 
a machinery of clockwork, representing t! 





S 


universe in miniature, and in which the re 
lution of the earth round itself and row 
the sun, the revolution of the moon roun 
earth, the revolution of the planets roun 
sun, their relative distances from each 01 
and their different 
sented as they really exist in what we ca 


magnitudes, are 1 


heavens.’ t 

Why did Paine’s belief in the plur 
of worlds and in the Bible of Creatio: 
strovy his popularity? His contempo! 
William Pitt, gave the answer when he 














3 THOMAS PAINE: SCI 


ce and philosophy are all right, but 


ist be discussed among scientists and 
hers only. The masses must have 
} them. That was the prevailing opin 
j the time. Theology was not vet freed 
{ the traditional chains that bound it to 
; i and bigotry. The earth and its people 
the most important part, indeed, the 
é sive part, in the economy of the uni- 
vorse. That the Creator might possibly be 





SMALL HAND 


1795 BY MESSRS. W, & S. JONES OF LONDON. 


equally interested in other worlds and other 
peoples seemed to be a body blow to Chris- 
tianity itself. Paine wrote The Age of Rea- 
son for the masses to read, and they read it. 
That was his unpardonable sin. 

But Paine did not write for the multitude 
The intellectuals of his time also read 
the book, some with avidity to satisfy their 


alone, 


craving for freedom of thought and expres 
sion in religion, and others to prepare them- 
selves to launch bitter attacks and to heap 
vituperation upon Paine and his book. 


especially 


DRIVEN 


ONCE 


NTIST RELIGIONIS 10) 
LU, 
In the United States Paine Ss Age R 
‘ 1d hy . 4+) 1] 1 ; wast 
son and his theories o he universe stirred 
1D a veritable hornet’ t a) the clet 
up a veritable hornet s nest among t Cle \ 


and the colleges. ‘* The effect of The Ag 
Reason on the community,’’ declares Wood 


bridge Riley In his clamerica Thought, may 
be easily imagined. The clergy attacked it 
the colleges criticized it, but the populace 
read it.’’ The book spread like wild fire 


throughout the West and the 


Franklin Institute 


Courtesy of The 


ORRERY 


OWNED BY J. B. PRIESTLEY, 
South. I recall that in the pioneer days in 
the West. debating clubs and cracker barrel 
forums discussed the many theological issues 
that the and 


wrote a 


Lincoln read it 
the Bible. Fortu 
for him and the country, his friend 


book raised. 
similar book on 
nately 
Hall 
Paine’s book was published; Lineoln’s was 
Publicits 
reputations 


threw the manuscript into the stove 


not has much to do with men’s 


Paine’s most prolifie and distinguished 


Opponent in the United States was President 
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As the 
leader of the opposition, he did much to make 
Paine the leader of the Deistic 
movement that swept the country. At Har- 
vard University, the situation became com- 


Timothy Dwight of Yale University. 


recognized 


plicated: students neglected their studies to 
And why not? Had 
not the president of Harvard requested Paine 
to write a poem on The Invention of Letters, 
and had it not been delivered in Cambridge 
on the day of the annual commencement, 
July 15th, 1795? Down at Princeton Uni- 
versity, “The Age of Reason was opposed by 


read Paine’s book ! 


the philosophy of common sense,’’ declares 
Riley. 

The Deistie movement waned and finally 
disappeared. An important outgrowth was 
the New England Transcendentalism. ‘‘It 
denied the need of miracle, revelation, de- 
pendence on an outward standard of faith; 
it affirmed the need of intuition, mystic 
ecstacy, inward dependence upon an im- 
manent life. As the philosopher of Concord 
exclaimed: ‘Here is now a perfect religion, 
which ean be set in an intelligible and con- 
vincing manner before all men by their rea- 
eit? 

Paine not only dabbled in the physical 
sciences, but also in the metaphysical. The 
spiritual side of science was more attractive 
to him. 
was Paine, and both got their greatest in- 
spiration from the teachings of the Orient. 

Paine and Emerson both stressed the ere- 
ative power of THoveHT. To which Paine 
added motion. Thought and Motion—these 
were the both God and 
man. Paine characterized God as ‘‘Uni- 
versal Mind,’’ the ** First Cause’’—the Mind 
that had spoken the Word and thereby had 
called forth the universe, and had sustained 
This was Paine’s theory of 
quite in line with the Genesis story. 

In thus advancing the theory of the control 
of mind over matter, that mind preceeded 
matter, Paine seems to have anticipated some 
present-day scientists, including Sir James 
Jeans, Sir Arthur Stanley Eddington, Pro- 
A. Millikan, and others, who 
seem to believe (quoting the words of Jeans) 


Much as Emerson was a mystic, so 


ereative forees of 


it by motion. 
creation 


fessor Robert 


that ‘‘science almost approaches unanimity ”’ 
in its claim that ‘‘the stream of knowledge 
is headed toward non-mechanical reality’’; 
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that the universe now begins to look 
‘*a great thought than like a machine’’- 
that scientists now suspect that mind s| 
**the 
of the realm of matter.”’ 

That Paine delved into the realm of 





be hailed as ereator and eye, 


phvsies, and discussed, in his chara terist 
the creative of thouelt 
motion, are matters which have not here; 


way, powers Q 
fore been pointed out, I believe, in a Vb 
periodical writings on Pa 
Let us, then, take a look at Paine, the mer. 
physician. 

Paine delighted to speculate in theories 
thought thought 
power of and how we get oy 
thoughts, as he did to experiment in concret, 
forms of government or in the motive pow 


graphical or 


ereations, vibrations, th: 


motion, 


of steam and gunpowder. 
First of all: how do thoughts get about 
Paraphrasing Paine’s words: Thoughts get 


about, man knows not how, and once 1% 
leased, they cannot be recalled. They win 
their progress from nation to nation, an 
conquer by a silent operation. Man finds 


himself changed, he scarcely perceives hoy 
Thoughts are more powerful than armies 
**An army of principles will penetrate wher 
an army of soldiers cannot go; it will succee 
where diplomatic management would fail; it 
is neither the Rhine, the Channel, nor th: 
Ocean that can arrest its progress; it \ 

march on the horizon of the world, and it 

Behold, the power of thought 


Paine conceived God as a Beine of min 


conquer,”’ 


and will, ‘‘a Being whose power is equal t 
His will.’’ His definition comprehends tli 
power to will into existence that which hi 
wished to create. 





The will of man, declar 
Paine, ‘‘is of infinite quality,’’ the limits : 
which But how * r 
ceedingly limited is his power of acting 
pared with the nature of his will. If mans 
powers were equal to his will, he woul 
God,’’ for ‘the would will himself et He 
and He could will a 
could make it.’’ 





“we cannot conceive.’’ 


be so. ereation 


‘*Tn this progressive reasoning,’’ cont 
Paine, ‘‘we see in the nature of the w 
man half of that which we conceive in t! 
ing of God; add the other half, and we 
the whole idea of a Being who could mak: 
universe, and sustain it by perpetual mot 
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BUST OF THOMAS PAINE, 


motion. ’’ 


He could create that 
how 


ise 
numerous are the degrees, and 


OVW 
power, from a 


lense is the difference of 


te toa man.’’ 


“Since, then, everything we see below us 


/ 
1 


IWS progression ot 


power, where is the 
iculty in supposing that there is, at the 
nmit of all things, a Being in whom an in 


ty of power unites with the infinity 


il]? When this simple idea presents itse] 


of the 


Y JOHN WESLEY JARVIS 
to our mind, we have ai 
Being that man calls God 
‘It is comfortable to 
ot the existence ot al 


power ; 


und it 


that s 


IS an adda 


uch a belief 


to know 
ecelt of the Imaginatio1 
dueible by the action 
things that compose the 
verse: a belief arising’ o1 


PN a 
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Emerson put forth the idea that thoughts 
are immortal once they are vibrated into the 
ether; that the ether is an infinite reservoir 
of our thoughts; that we may pick them up 
out of the ether if we are mentally attuned 
to its vibrations; and that we may think the 
thoughts of Plato and of the saints. 

Paine divided thoughts into two kinds: 
‘those that we produce in ourselves by re- 
flection and the act of thinking, and those 
that bolt into the mind of their own accord.’’ 
And then he made a statement, which, if 
science should ever sustain it, might account 
for Paine’s uneanny capacity for knowledge: 
‘*| have always made it a rule to treat these 
voluntary visitors with civility, taking care 
to examine, as well as I was able, if they 
were worth entertaining, and it is from them 
that I acquired almost all the knowledge 
that I have.’ 

What a challenging statement! Did Paine 
there disclose the secret of his extraordinary 
powers? Did he write and act under ‘‘in- 
spiration’’? Dr. Alexis Carrel, Nobel prize 
winner and Rockefeller Foundation author- 


‘oreat discoveries are not 


‘ 


itv, has said that 
the product of intelligence alone’’; that ‘‘all 
ereat men are endowed with intuition,’’ 
which ‘‘phenomenon in former times was 
called inspiration.”’ 

But motion, Paine believed, had to accom- 
pany thought to make it creative. Here was 
his theory: ‘‘The universe is composed of 
matter, and, as a system, is sustained by 
motion. Motion is not a property of matter, 
and without this motion the solar system 
could not exist.’’ The motion that upholds 
the solar system ‘‘operates to perpetual pre- 
servation, and to prevent any change in the 
state of the system.”’ 

‘‘When, therefore, we discover a circum- 
stance of such immense importance that with- 
out it the universe could not exist, and for 
which neither matter, nor any nor all the 
properties can account, we are by necessity 
forced into the rational conformable be- 
lief in the existence of a cause superior to 
matter, and that cause man ealls God.’’ 

And then Paine hurled his famous chal- 
lenge at the atheists: ‘‘Who then breathed 
into the svstem the life of motion? What 
power impelled the planets to move?’’ 
““Where will infidelity, where will atheism, 
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find cause for this astounding y: 
motion, never ceasing, never vary 
which is the preservation of the ea) 
orbit?’’ ‘‘The atheist who affects t 
and the fanatic who rejects reaso} 
themselves alike into inextricabl 
ties.’ 

Professor Harry Hayden Clark 
University of Wisconsin, lone a stu 
writer on Paine’s ideas and activities 
vests that he may have derived his 
tion of planetary motion from Newt 
in his letters to Bentley, ‘* postulates 
power as necessary to explain p 
motion.’’ Professor Clark obser 


‘ 


Paine saw ‘‘in the structure of the un 
‘fan unerring regularity of the visible s 
svstem,’’ ‘‘the God of Order and Han 
‘the Supreme Architect of the Univers 
Declared Paine: ‘This harmony in th: 
of God is so obvious that the farme: 
field, though he cannot caleulate eclipses 
as sensible of them as the philosophi 
tronomer. He sees the God of Order it 
part of the visible universe. ’ 

But, how did motion begin? Her 
Paine’s answer: The ‘‘Power that calle; 
into being.’’ To have sounded the ca 
enough to have started all the mac] 
of the universe into action! 

Paine’s theory that God called fort} 
universe, and called motion into action 
sustain His creation, was more in harn 
with the Genesis story of creation than 
attackers realized. We are told that 
Spirit of God moved upon the face ol 


waters.’’ Four times in the first chapter 


Genesis, we find the expression: ‘‘ And ( 


called.’’ The phrase ‘‘And God said” 
pears nine times in the same chapter 
thus seems, according to the Bible, that 


spoke, and His handiwork came fort! 


being. 
Let us now turn to the field of app 
science and invention. In this field 


Paine demonstrated considerable ge! 
His friend, Joel Barlow, onee wrote: 

eraphers of Paine should not forget 
mathematical acquirements and his me 
ical genius.’? Among his numerous 1! 
tions were a planing machine, a new cra 
smokeless candle, a wheel of concentric 
a scheme for using gunpowder as a p! 
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sighs 
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Wakefield 


} 


nd other items. 
s. who, as a young man, had known 
in his recollections of Old New York, 
article, written 


Dr. John 


s Paine’s ‘‘timely”’ in 
{ ntitled, ‘*The Cause of Yellow Fever.’ 
ne’s real contribution to the invention 

e steamboat has been established. Paine, 
h, Rumsey, and Fulton conducted their 

eriments independently. ‘They 


Sir Richard Phillips, who as 


were all 
se friends. 
d Fulton in his steamboat experiments 
the Thames, gives credit to Paine in a 
troversv between Fitch and Rumsey, both 
in the 
Kulton, 


whom Paine gave all of his papers and 


whom admitted Paine’s priority 
nplication of steam to navigation. 


experiments, received all the credit for the 
steamboat. 

Newton saw an apple fall, and announced 
the law of Paine watched a 
spider spin its web, and designed the first 
cast-iron bridge. Patent No. 1667 for his 
bridge was issued to Paine by ‘* His Most Ex- 
ellent Majesty King the Third,’’ 
whom Paine had characterized as the ‘‘ Roval 
in the fight for American Indepen- 
James Parton has reminded us that 
Paine’s arch that 
‘‘now sustains the marvelous railroad depots 
that half abolish the distinction between in- 
doors and out.’’ And Dr. Robert Collyer, at 
the opening of the Brooklyn bridge, observed 
that to Paine belonged the credit of the great 
invention, and deplored the fact that ignor- 
ance and bigotry had meanly denied it to 


oravitation. 


George 


Brute”’ 
dence, 


it was the principle of 


him, 

| have in my possession a picture of the 
cast-iron bridge built over the River Wear at 
Sunderland. Paine’s patent was issued in 
1788. I also have a letter, dated November 
ith, 1936, signed by J. A. Charlton Deas, 
Director of the County Borough of Sunder- 
land, Public Libraries, Museum and <Art 
Gallery, of Sunderland, certifying as to the 
built under patent. The 


bridge Paine’s 


N11 


IS RE RIGIONIS 111 
writel states Ihe Wear ! ia i 
Foundation Stone Was i wit! \Ias ! 
honours, 24th September, 1793; the brid 
was opened 9th August, 1796 Built of 
cast iron and with a span of 236 feet. 1t was 
one of the most daring structures ever bu 


further states 


Tl ss 


roadwa\ 


in this material writer 
‘In 1859 the 


structure 


the 
Rob 
dle 


was leveled and 


and stren 


W he a 


har 


widened ethened by 


ert Stephenson bridge Was 


In 1929 


+4 


modern. trate 


molished Me become too narrow 


ror int 


thre Ori@ihal Ci Ivo! 


yt r 


perteet cond 


Cathedral ot Dame ! 


ribs were found TO he In} lition 
The 


» 
Paris 


vices of The Society Ol Theopl ilanthropists 


famous 


housed, for a time, the religious set 


which was founded by Paine and five fan 
ilies, in 1797. The name, a combination of 
three Greek words, signify God, Love, and 
Man Paine delivered the inauguration ser 
mon entitled ‘‘The Existence of God 


Throughout his writines, we find an intense 
a common brother 
faith in the ulti 


kK reedom oO] 


belief in a common unity, 
hood, and a common faith 
mate freedom of all mankind 
body, freedom of mind, and freedom of soul 
To he dedicated lite 


Great men and women of science, in all coun 


these freedoms his 


tries, may well consecrate their lives to the 
achievement of these freedoms, in the spirit 
ot 


"76, as expressed by Paine in these words 


These are the times that trv men’s souls. Tl 
summer soldier and the sunshine patriot will, in this 
erisis, shrink from the service of their country; but 
he that stands it now, deserves the love and thanks 
of man and woman. Tyranny, like hell, is not easi 


conquered; yet we have this consolation with us, that 
the harder the conflict, the 


What we obtain too cheaply, we esteem too light 


more glorious the 


triump!l 


it is dearness only that gives everything its va 
Heaven knows how to put a proper price upon its 
goods; and it would be strange indeed if so celestia 


an article FREEDOM should not be highly rated 


as 


Thomas Paine, Citizen of the World, well 


said: ‘‘The world is my country, and to d 


vood is my religion 








STOVES MADE OF CLAY 


By MERRILL WEED 
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WHEREVER boys are boys, someone now Such attempts as this are about 
and then has the idea of heating the gang we have gone in the United States 
headquarters with a wood fire built in a making stoves out of clay. To be su 





length of sewer pipe. It seems to work beau- fireplaces are built of firebrick, a 
tifully at first. Just when the fire is roaring stoves and furnaces have the firel 
its merriest one side of the ‘‘stove’’? may fall — with brick that will stand high temp 


ns heBaE SE TA 


out and spill the hot contents onto the floor. But our stoves, both heaters and 

The amateur fire department must then go — ranges, always have been made of met 
into action pronto. The boys learn. that In parts of the Old World the wint 
sewer pipe is not designed for such service. ter of life and warmth in the house is 


a laree and ornate Porzellanofen or 
lain stove, splendid with its surface of 
colored enameled tiles. This kind of st 
also called Kachelofe n or tile stove, 
start in Germany at a time when i 


ROTA ate Sih mE RAR RE 2 aS MURR TT. 


scarce and much in demand for making ‘ 
mor. It came to be widely used in cent ; 
Europe. Craftsmen assembled the bricks 
for the fire chamber and applied the ' 
mental pattern of tiles. These stoves i 
heavy and expensive, definitely built into 1 / 


houses they warm. They have been er 

admired by American travelers, but 

many of them have been brought to : 

United States. . 
Two of the illustrations are of such E 


pean stoves; one shows a richly decorat i 
stove in a period room at the Metropo ; 
Museum of Art, New York, the other is i 
model, in the Smithsonian Institution : 
tile stove from Norway. | 

The United States, where materials i 
always been relatively plentiful and sk : 
labor is expensive, has never develop } 
earthenware stove industry. Now, wit! q 


and steel made searce by the war, ex) 
menters are attempting to design eart! 
ware stoves that will be scientific in 
tion, pleasing in appearance, and capal 
being made by mass production methods 
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A project to develop a ceramic 
heater is under way at The Ohio State | ; 
versity in cooperation between the Off 
Production Research and Developme 
the War Production Board and The 

Ceurteen of U. & Nétlondl Mecoum State University Research Foundation. *& 
MODEL OF A NORWEGIAN TILE STOVE stantial progress in designing and ti 
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FAIENCE STOVE, SWISS, 17TH CENTURY, DECORATED WITH BIBLICAI 
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THE ROUND CERAMIC STOVE 


prototype models was reported at a recent 
conference in Columbus that received wide 
interest from clay products manufacturers 
and makers and distributors of stoves. The 
requirements mentioned were good looks, as 
small size and as easy shipping as good engi- 
neering will permit, delivery of thirty to 
forty thousand B.t.u. per hour, use of no 
metal or of very few metal parts, and cost 
of from fifty to one hundred dollars. 

Houses in Europe are ordinarily not kept 
at the cozy temperatures to which Americans 
are accustomed. To be successful, the final 
design must suit American conditions. In 
Europe the fuel is ordinarily wood or char- 
coal; stoves for use in this country need to 
be able to burn wood or bituminous coal and 
at a fast enough rate to keep a good-sized 
room comfortably warm. 

The fact that heat transfer is slower in 
ceramic material than in metal makes it 
necessary to design the ceramic stove so the 
hot gases will remain longer in contact with 
the heating surfaces than they ordinarily do 
in iron stoves. Experiments have shown 


that a down draft for the flue 
too much trouble with soot Ac 
the stoves have been desiened s 
gases will travel upward next to 
surface of the heater. A magazine 
holds a twelve-hour supply of 
heat cokes the fresh fuel, and a 


through the magazine brines the 
to the fire chamber where thev are 
Burning the gas that is given off 
the efficiency of the heater and red 
amount of soot and smoke. 

The coke from the magazine is 
matically to the grates, which ma 
selves be of ceramic materials. The 
gases then pass up through fire tubes 
outside of the heater next to the ra 
surface. This arrangement makes 
transfer remarkably complete, and 
eases leave the stove relatively COO 


further economy measure, a flue gas ra 


to circulate the chimney eases and 


additional B.t.u. from them mav be att 


to the smoke pipe or to the chimney 


upstairs room. The gas leaves the ra 











THE ‘‘JEFFERSONIAN’’ 
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STOVES MADI 


d 300° F., about a third the tem 
of flue gases from an ordinary 
ilitv of ceramic material to retain 
uld make an earthenware stove less 


‘in operation than one of metal. It 
at 


is somewhat 


designed to maintain rooms an 
mperature. The effect 
it of a hot brick in keeping feet warm 

ng buggy ride. 
Nothing like the handwork of the Kachel 
s contemplated for the ceramic space 
What is intended is that the various 
for the stove—the higeh-fusine mate 
= for the fire chamber, the enameled out 
in 


] Ss 


surfaces, and so on—will be made 


ious clay produets plants, with a division 


wat 

the work among sewer pipe manufactur- 
ers. tile factories, and vitreous china works, 
and that the finished product will be assem 
Jed near the market. In that, way manu- 
facture will be decentralized and the haul to 
Whether the stove 


eustomer shortened. 


the 

will be shipped assembled or will be put 
together in the house like the European 
Kachelofen is a matter that is still under 


Ordinary stoves, such as mail 
reach the all 
assembled except for the Shipping 
ceramic space heaters ready to set up may 
be difficult. its weight and 
mobility, the earthenware stove is more in 
the class of the big base-burner than of the 
usual heating stove. Neither it nor the 
burner could easily be set in the woodshed 
AS an all-vear article of 


consideration. 
order houses sell, customers 
legs. 


Jecause of im 


base 


for the summer. 
furniture the ceramic space heater can cer- 
tainly have the advantage on looks. 

As many of the parts of the ceramic stove 
as possible should be manufactured by ex- 
truding the elay through a die in much the 
same way that structural tile and sewer pipe 
are made. Efficient decentralized manufae- 
ture and low weight are needed to keep down 
the cost and the shipping charges. The 
minimum weight so far attained is 500 to 
600 pounds, but if cellular clay and the 
asbestos board called ‘‘transite’’ can be used 
for some parts, the weight may be reduced. 

Scientific design is only part of the devel- 
If the ceramic stove is to stand a 
chance of success, it must look well. Artists 
have made the designs for the prototype 


opment. 





RADIATOR 


THE FLUE GAS 


models that have been buili Ones a simpli 


round stove The other. whose assembly ( 
resemblance to the 


in Wasl 


If desired, 


fire tubes bears some 


columns of the Jefferson Memorial 
ington, is called the Jeffersonian 
the stoves may have cooking tops and ovens 
Another set of experiments In progress is 
pointed toward changing the Agamatie cook 
ing range from cast iron to ceramic material 


] I 
(Le 


The Aga range is an expensive article 

signed to burn anthracite. The casting is 
heavy metal and the lids are about 1} inches 
thick. Fuel feeds automatically from the 
magazine, and the stove is kept ready for 
use at any time. The insulation is said to 
be so efficient that the range is relatively 


]. 


economical. The pans and percolators are 
made to fit closely to the top, and the heat 
eapacity of the lids is so great that the coffee 
percolator, for example, will begin to perk 
in a minute after being placed on the stove 


Preliminary tests at the National Bureau 
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CERAMIC RANGE 
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THE CERAMIC AGA RANGE UNDER TEST AT THE BUREAU OF STANDARDS 


of Standards with an Aga-range whose ‘‘in- material for the metal lids, whose tl 
nards’’ are fire clay indicate about the same makes them a large reservoir of heat 
performance as with the standard cast-iron complete change from cast iron to 
magazine and firebox. Experiments are con- products would save about 1,100 pounds 
tinuing in an attempt to substitute ceramic metal for each range manufactured 
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» however great an extent growth ma) 
] | with senescence, vet growth itself is a 
| ing up, an advance toward the pattern 

he intact adult organism. It might ap 

to follow from this that each of the 
nponent parts of growth are in themselves 
When the series is analyzed, 


a 
progressive. 
however, it soon appears that some of the 
processes, considered alone, are not so; amone 
them are sequences which involve the death 
of Death 
enters here and there into growth as gold 


some or all of the cells concerned. 


inte 


thread is woven through a tapestry to accent 
the pattern. Here death becomes indispens 
able to life: without death of this kind, the 
process of normal erowth as we know it 
would be impossible. 
sequences are similar to those involved in 


In some instances, the 


repair of injury due to external causes, but 
here they are directed toward the attainment 
of a normal pattern. Others are of a differ 


ent character from those in reaction to in- 





e jury. 
How that death 
life, so often regarded as antitheses, are here 


does it come about and 
operating together in order that an objective 
may be attained? There are many ways in 
which the two are interdependent : we choose 
three general classes for study and compari- 
son. In one of these groups, certain sub- 
stances essential for the body as a whole are 
produced by the death of cells and trans: 
formation of the dead material into the sub- 
stance required. In the second group, cells 
are produced by a series of differentiations. 
These cells are so specialized that they no 
After a time they die; re- 
placement is possible only by repetition of 
the series of differentiations. In the third 
croup, a defect is created by the death of 


onger divide. 


particular cells: this is followed by repair 
( the defect in such manner as to lead to the 


‘reation of the normal tissue pattern. 


SKIN 
The first of these three arbitrary groups, 
that in which essential materials are built up 
by death of cells, is illustrated especially well 


DEATH IN LIFE 


By ORVILLE T. BAILEY 


protective outer 
the 
shows the normal 

While there 


Its structure 1 


the 
skin and in 
Kieure ] 


pattern of the human skin 


in the produetion ot 
the 


nails and hair. 


layer of formation ot 
are 
certain minor differences in 


different regions of the body, the fundamen 


tal tissue plan is the same everywhere. The 
pattern is composed of cells which earry out 
the function of the skin important to the 
body as a whole and of eells which support 
and maintain the cells of the first group 


The inner portion of the skin (at the bottom 
of Fig. 1 


cells, fibers produced by them. and blood ves 


is composed of connective tissue 
sels. This is a portion of the tissue pattern 
which is concerned with support and nutri 
tion of the cells which form the outer lavers. 
The the 


laver of covering cells 


laver is sharply separated from 


Growth is confined 
to that region in which the two layers come 
The cells the 
they are not in contact with a tissue to 
They die, 
rather, in the 


into contact. nearer surface 
die ; 
furnish support and nutrition. 
however, in a special way, or, 
process of dying thev are transformed into 
keratin, a firm, horny substance which forms 
the outer layer of the skin. This material 
keeps the tissue fluids in and foreign mate 
There are very few bacteria which 
the the 


laver is unbroken. which is built 


rials out. 
can enter skin so long as keratin 
Keratin, 
from the dead bodies of cells, is essential for 
the maintenance of the body as a whole. It 
is, therefore, an instance of the participation 
of death in life. 

If this is the case, then there must be more 
All 


ads a 


cells die. eells 


than one way in which 
life of the 


most cells die at intervals in the life 


die when organism whole 
ceases: 
of the individual and are replaced by others 
only the cells of the skin are 


The full explanation 


of their kind; 
changed into keratin. 
of this peculiar method of cel! death is by 
no means known but the successive steps by 
which it is accomplished have been observed 
All the new the 
portion of the the 
farther out no longer have the capacity for 


formed in inner 


cells are 


epidermis since cells 
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FIG. 1. APPEARANCE OF NORMAL SKIN 
AS CELLS ARE FORMED NEAR THE LAYER OF CONNEC 


TIVE TISSUE, BOTTOM, THEY PUSH UPWARD THE OLDER 
CELLS WHICH ARE TRANSFORMED INTO KERATIN, TOP. 


division. As the process of cell division con- 
tinues, the older cells are pushed outward, 
farther and farther from the supporting cells 
beneath. This is accompanied by the death 
of the cells and their transformation into 
keratin, a transformation which is complete 
before the surface of the skin is reached. 
The process is first detectable in cells just 
above the growing region. In the cytoplasm, 
irregular, dark staining granules of keratin 
make their appearance. Gradually, as the 
cell is pushed upward, the droplets enlarge, 
and at the same time the nucleus becomes 
more and more pale. Finally, the nucleus is 
lost altogether and the cell is dead. Mean- 
while, the granules of keratin have come to 
occupy the whole cell and have been united 
into a single mass. The outer layers of all 
skin are made up of cells thus transformed 
into flat sheets of keratin, which are the 
vhosts of cells once living. When one of 
these sheets is placed in a solution of a strong 
alkali, such as sodium hydroxide, the mate- 
rial separates into parts, each of which has 
the outline of the cell from which it came. 

It goes without saying that bits of the 
keratin layer rub off from time to time and 


must be replaced. Keratin can be 
only in this way and the cells nec 
the process can be provided On 
actively growing inner layer. The 
must therefore be repeated again 

cell division, development of gray 
finally, transformation of the whol 
keratin. 

One of the strangest aspects of 1 
tion is the relation of the amount o 
produced with the requirements 
When much is lost, mueh is produce: 
little is rubbed off, then just that 
formed. In certain places and und 
circumstances, the width of the kerat 
is increased. If some special reeio) 
body is subjected to long continued 
and irritation as, for instance, in a 
irritated by an orthopedic brace, ther 


increase in the amount of keratin on th: 


below; this returns to normal whe 
source of irritation has been removed 
the palms and soles, there is a muec!| 


laver of keratin than elsewhere on the | 


surface. These regions are the ones most s 


ject to the endless little injuries whic! 
part of our daily experience. Yet that 


the whole story, because the keratin lay: 


the palms and soles, even before birt! 


thicker than that of the skin elsewhere 
production of keratin depends upon 
death. If growth is to be regarded 
attainment and maintenance of a se. 
patterns, then death is here a necessar 
of growth. 

Keratin is produced over the enti 


surface. In addition, the skin cells bl 


slightly altered in certain regions ai 
stances related to keratin are pr 
They differ from it, however, in distri! 
and in composition in such ways as to 
different functions. This gives an 
tunity to judge in what degree the | 
of cell death is specialized and how 
apparently minor changes may affect 
results. 
NAILS 

The nails (the process being the sai 
the fingers and toes) are formed by 
ticular group of cells of the epidermis 
laver of cells which covers the skin and 
vives rise to the keratin coating by me 
a process of death in life, is direct! 


as 











DEATH 


with the cells at the base of the nail 
ese with the cells beneath the nail bed. 
tip of the finger the cells beneath the 
vain are continuous with skin which is 
‘al with that coverine the rest of the 
The keratin laver blends with the nail 

<- base. From these relationships it is 
that both materials are formed by the 
_javer of cells, the region of the nail bed 
being a somewhat specialized and there 
slightly altered portion. The 
h the keratin laver of the skin and the 


way in 


s are related would suggest also that the 
substances are of similar character, a 
supposition borne out by chemical analysis 
and by examination at higher magnification. 
lhe nail substance is formed at the base 
There is at this point a plate of 
somewhat thicker than that of the 
nearby skin. Here the cells of the deeper 
lavers have the details of structure usually 
The 
presence of frequent mitoses confirms the 
activity in growth of the cells in this region. 
The deeper cells continue to divide and the 
older ones are pushed away from the laver 


the nail. 


CeLIS 


seen in living, growing cells (Fig. 2). 


of supporting tissue toward the region which 
the itself. As the 
pushed outward, closely packed fibers make 
The fibers consist 


is to be nail cells are 


their appearance. of a 
chemical substance peculiar to the nails. 
They are at once the counterpart of the drop 
lets which make their appearance in the early 
stages of keratin transformation of these cells 
and the visible expression of the variations 
lead to the differences between nail 
and keratin laver. 
into plates by the action of strong alkalis, 
Kach of the 
plates is derived from one cell whose shape it 
retains. 


which 
The nail can be separated 


just as is the case with keratin. 


As has been pointed out, the nail substance 
grows from a special region at its base and 
it slides over the layer of cells beneath as the 
nail extends toward the finger tip. They 
probably do not contribute in any way to the 
development of the nail, although some inves- 
tigators believe that the later thickening of 
the nail is due to these cells. Anyone who 
has ‘‘lost’’ a nail as a result of an accident 
is well aware that replacement must come 
from the base. 

The growth of the nail is a continuous 


IN LIFE 119 
process of death in life Cells at the base 
are produced by mitotie division of other 
cells: these cells are transformed into nail 
substance : other cells are formed and the 
process is repeated, with the result that the 
nail is steadily pushed forward. By this 


means, the nail reaches the end of the finger, 


bevond which it finally extends until eut or 
worn. off. The sequence begins before birth 
and continues throughout the life of the in 
dividual. This is only one of many forms of 
evrowth which are necessary for maintenance 
as well as for development of the organism 


ILA 


The nails, as has been pointed out, are the 
results of a process similar to that by which 
the outer laver of the skin is built up but 
small variations 


characterized by certain 


from it. The difference in structure of the 





NAIL 
BUILDING OF A NAIL 


HUMAN 


PROCESS OF 


PIG ge A FINGER 


THE DEATH IN LIFE 


IS SIMILAR TO THAT OF THE SKIN’S OUTER LAYER 
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nail and skin covering is the result of these 
variations in distribution of the active cells 
and in the manner of cell death. The layer 
of the epidermis in which cell division takes 
place forms other structures by variations of 
much the same degree, though qualitatively 
different. 

The minute structure of hairs differs in 
very few particulars, whether one is removed 
from the scalp, face, or elsewhere on the 
body. Each hair develops from a pouch of 
cells which is directly continuous with the 
epidermis and is a specialized infolding of 
this layer, the hair follicle. Cells continuous 
with actively growing portions of the epi- 
dermis line the sides of the follicle and cover 
a nest of connective tissue at the base (Fig. 
3). The cells at the sides of the follicle pro- 
duce a series of sheaths for the hair; those 
covering the mat at the bottom are the ones 
which give rise to the hair proper. These 
latter cells grow rapidly, as shown by the 
presence of numerous mitoses. The multi- 
plication of these cells results in pushing 
older cells upward, farther and farther from 
the connective tissue. This is a situation 
strikingly similar to that in which the nails 
and outer layer of skin are produced. In 
the cells which have been pushed upward, 
the nuclei begin to shrink. At first they 
stain darker than usual and fail to display 
the normal nuclear detail, a sign of cellular 
deterioration. Later the nucleus ean be 
made out only as a pale oval area or not at 
all; the cells then are dead. At the same 
time, the cells undergo a_ transformation 
somewhat similar to that in the two other 
tissues considered. Granular material can 
be made out in the stages of this process only 
in thick hairs, such as those of the eyebrows 
and beard. The granular material seen in 
these hairs differs chemically from that 
formed in the skin and nails, as determined 
by its reaction with several types of dyes. 
The cells shrink apart in some places and 
air fills the gaps among them. It is to these 
minute bubbles that the glint of the hair is 
due. Before the hair reaches the surface of 
the skin, all of its parts are dead. Yet so 
long as the hair remains, the traces of its 
cellular origin can be easily shown. When it 
is placed in concentrated sulphuric acid, the 
hair breaks up into portions, each of which 


is a shrunken, flattened, dead cell, an 
recognizable as such. The matur 
only growing at its base in the folli 
this reason, hair cannot be produc 
follicle is destroved. 

It is important to bear in mind 
processes just deseribed are quite 
from those involved in the formatio: 
tercellular fibers. The most recent ¢ 
in regard to the formation of inte 
fibers in connective tissue indicates 1 
cells of this tissue secrete a dead 
material into space between them. | 
a result of factors not vet understoo 
materials jell in much the same wa 
velatin does. Sinee examination of 
lagen molecule, of which these fibers a 
posed, shows it to be shaped like a rod 1 
longer than it is wide, the result of 
myriads of these molecules togethe: 
thread-like structure. The factors con 
then are physico-chemical and mech: 
The cells coneerned do not die. The 


duee intercellular material without cont) 


uting anything to it which was onc 
(even though it was once within the 
Each individual cell retains the capacity 
reproduction. Replacement, therefor 
not come from a special layer of 
which the power of multiplication is 
stricted. In contrast, further growth of 


S 


nails. and skin coverine can be earried 


only from a layer at the base which is 11 
tact with tissue specialized for its si 
and nutrition. 

This is the first type of death in life t 
discussed. Other examples of this ty} 


be found readily enough under condit 


both normal and pathological. One 
suggests itself at once is.the formation « 
horns of cattle. But this is not the on! 
death serves the purposes of life. 


BLoop 
In certain tissues, particular cells 
over and over again, each division ben 
companied by a greater specializatio 
structure and a lessened capacity for gr 
The end of such series of transforma 
is a cell well adapted to perform a con 
function but unable to perpetuate its 
and even to sustain itself. Death of 
cells inevitably occurs; death in life 
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FIG. 3. A 
WITH ADJACENT CELLS. 
HROUGH A CONTINUOUS 


HUMAN 
EACH 
PROCESS OF 


HAIR 
HAIR IS 
CELL 


PRODUCED 
DEATH. 


other cells are ready to take their place so 
long as health continues. This replacement 
accordingly must be from the actively grow 
ing cells in which the series of differentiation 
has not vet begun or is at most only partially 
completed. The differentiations 
must be repeated over and over again fron 
the beginning of life to old age. 

An example of this type of death in life 
is afforded by the cells of the circulating 
blood. The steps in the ease of different 
types of blood cells are different in many re 


series ot 


DEATH IN LIFE 1] 


spects but the general sequences are the 
same. For this reason, the present discus 
SION WII be eontined to the red blood cells 


= 
it 
In the bone marrow. where the red blood 


‘e formed, there are large cells whiel 


cells a 


appear relatively little differentiated by th: 
criteria usually 
They 
ized structures in nucleus or cytoplasm, and 


their e 


determine this 


applied to 
point. have no recognizable special 
reat capacity for growth is shown by 


the numerous mitotie figures 


As these cells divide, one notes that the 
daughter cells are sometimes identical witl 
the parent. Others, however, are not quite 
like the cell from which they took origin—in 


other differentiation 
differen 


tiation makes its appearance, the variations 


words. SOTHe decree of 


has oceurred Kurthermore, when 


are not all in the same direction; that is 
there are differentiations in several diree 
tions. The proximate eauses of these sepa 


rate variations are almost entirely unknown 
We can deseribe them but we cannot predict 
the 
conditions 


them or alter direction under exper! 


the re 


types ol 


mental without altering 


maining bone marrow Various 


blood cells result, depending upon the diree 
tion of differentiation at this point. 

One of these eTOUpS develops into red blood 
smaller and 


eells. The daughter cells are 


more regularly rounded than their parent 


These cells go through the process of mitotic 
Each 


cleus becomes more and more compact. Aft 


division several times. time the nu 


the same time, a yellowish material appears 
in the eytoplasm, which is the hemoglobin 
the carriers of which the adult cells of this 
to be. 


series are destined Hemoglobin ap 


pears red only in large masses (as in the 


blood) ; examination of tiny particles estab 
lishes its vellow color As the processes ot 
cell division and differentiation go on, thi 


nuclear material into a 
When the cells reach this stage. 
division still continues and little differentia 
tion appears which ean be detected with the 


microscope 


becomes condensed 


dense mass 


There must be some process of 
this kind going on, however, because after 
several such divisions, the capacity for mito 
sis is lost. Then a eurious step occurs which 
is hardly to be matched in the maturation of 


any other cell in the body. The nueleus is 











bp 


expelled through the outer membrane of the 
cell, 


blood cell and is the form which enters the 


This stage is regarded as the adult red 


blood stream. 

In this series, we do not know 
Death enters the pic- 
ture somewhere along the line of this series 
You can put the transi- 


where life 


ends and death begins. 


of transformations. 
tion from life to death anywhere you like. 
This is one of the places where the ordinary 
definitions of life and death are insufficient. 
It is in investigating just such situations as 
this 
and theories must be strained if they are to 
fit at all—that to be 
expected. 

If the mature red blood eells, living thine's 
or lifeless mass, are not able to progress, they 
Nothing which in nature 
Some of 


situations in which accepted definitions 


new discoveries are 


must disintegrate. 
is living can remain statie for long. 
them are taken up by certain cells of the 
spleen. The red blood cells at this time are 
dead, for it has already been mentioned that 
no cell engulfs another cell which is a part of 
the same organism unless the cell engulfed is 
dead. Many red blood cells also disintegrate 
while still in the circulating blood and the 
fragments are removed by cells which pick 
such materials from the blood stream as a 
street cleaner does refuse from the street. 

In spite of all the various stages which 
must be passed before the adult red blood 
cell makes its appearance in the circulating 
blood, and the various methods by which the 
cell may be removed, the number of red blood 
cells remains almost the same so long as a 
normal health. External cir- 
cumstances make some difference, for the 
number of red blood cells in the blood of a 
man who has spent his life on a high moun- 
tain is a little greater than that of a man who 
lives at the seashore. Yet let the man who 
has lived at the seashore go to live on a moun- 
tain and he will, after a time, have an in- 
erease in the number of red blood cells in 
each unit of blood. This is related to the 
decreased amount of oxygen in the air at 
high altitudes. Once this change is estab- 
lished, the new level is maintained so long 
conditions are not again 


person is in 


as the external 
upset. 
Even where there is a tremendous loss of 


red blood cells in a short time, as in hemor- 
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rhage, the level of red blood cells 
normal very quickly. If aman gives 
fusion ot blood. his red cell COUNT Is 
in less than a week. Yet, when disesspx 
many types make their appearance or 

of blood occurs so often that the me: ‘ 
for new blood formation breaks dow 

the level is changed, usually to a ley: 
than normal. So it comes about that 
blood cell count is of great value in 
mining the presence and progress of 
illnesses. 

How is it, then, that such a level is 
tained? In the bone marrow, there a 
ture red blood cells and their ancestors 
one stage of differentiation or another. | 
bone marrow of a normal individual sho 
When t] 
to give rise { 


not all the cells 


all these stages at any given time. 
primitive cells divide so as 
more differentiated offspring, 
proceed at once to further differentiati 
Some resting state at vaitio 
points along the way. When a sudden ne 
appears, many more red blood cells can 

produced without the lapse of time ww! 

would be required if the whole series o! 

ferentiations had to take place from the |} 
This is one thing which makes ¢! 


remain in a 


ginning, 
response so rapid. 

But what gives the signal for the increase 
When the bloo 


contains less oxygen and more waste mat 


production of these cells? 


rial than usual, more red blood cells appea 
in the circulating blood. This 
with the man going from seashore to the hig 


is the cas 


mountains; it also happens in certain forms 
of heart disease. This would fall into th 
class of chemical stimulants to tissues. Wi 
the whole story is told (if it ever is) s 
chemical stimulants will play a large part 
These facts at once suggest that there ar 
several points at which disease may interrup' 
the normal The marrow 
may not be able to form more cells; the . 
may be destroyed too fast either in the splee! 
or in the circulating blood; or they ma) 
The red blood ce Ss 


sequences. bone 


themselves defective. 
the product of a process of death in 
This physiological death must oceur in jus! 
the right manner and at the right time 
health to continue. 

It should be pointed out that the situat 


+ 


in the red blood cell is quite different { 








tar ins pied Spsionnes Be i 





ind 
rre} 
nve 
In | 
Spec 
deg) 


plac 











DEATH 





2 hie inlo 


Sta 


abies 


FIG, 4. 


OWTH OCCURS IN A SPECIAL REGION NEAR BOTTOM OF 


that of the adult nerve cell. The nerve cell 
is also at the end of a series of growth proc- 
esses and, in its mature state, it cannot re- 
produce its kind. The difference lies in the 
fact that the nerve cells survive throughout 
fe. When they die they are not replaced 
and the functions which were theirs are lost 
irretrievably. The capacity for growth is in 
inverse ratio to the degree of specialization. 
In both the nerve cell and the red blood cell, 
specialization has been carried to an extreme 


degree. There is no mechanism for the re- 
placement of the nerve cell, which remains 
living but not growing all through life. <A 
very complete and delicately adjusted mech- 
anism exists for the replacement of the red 
blood cell, which is already dying or dead 
when it begins to function. 


BONE 


The sequences of growth discussed up to 
this point have illustrated two of the ways 


IN 


A NORMAL GROWING 


KF 


LIKI 





BONE 


iS COMPI 


1G. ETEI 


\BOVI 


in which the death of certain cells are a part 


of the growth and maintenance of the nor 
mal individual 

We turn now to consider a third way 
in which death enters indispensably into 


In this case, death comes to a par 


defect 


erowth. 
ticular group of cells; a is created, 
the repair of which leads to the formation of 
the normal tissue pattern of the organ. 
This curious process is best exemplified in 
the formation of certain bones, especially the 
These 


par 


lees. 


ribs and those of the arms and 


bones grow in length only at certain 
ticular regions which are found exclusively 
at 
join. 


to the unaided eve, is transformed bit by bit 


those where bone and cartilage 


The softer, gristly cartilage, uniform 


points 


into the harder bone, the marrow species ot 
which are easily seen without the aid of the 
microseope. 

Figure 4 indicates the appearance of grow 


ing bone as seen mcr scopleally. The bone 
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is divided into bands between which are the — cells which accompany the blood vesso|x 

marrow cells. There is a thin line of carti- which come to lie against the ealecifi 

lage at the top of the illustration. Here are rial. These cells are very closely r 

two different tissue patterns, then, and our — the ones in connective tissue which { . 

concern is the manner in which one (earti- things as collagen fibers. What de 

lage) is transformed into the other (bone). the type of intercellular material t of 
Between the two, there is a zone in which this down? One of the determinine f § ic ; f 
transition is brought about by means of a the kind of material with which the . i 





series of steps which must be carried out in contact. It is known that ealeium is s 





a definite order if normal bone is to be times deposited in diseased areas for peas 


aria 
2 

° 

 } 


formed. largely unknown as yet. Cells wh 
The first of these transformations is in the mally form collagen may produce bo: 
cartilage cells. They divide in such manner these abnormal calcium deposits. 1 
as to produce straight columns of close- then formed far from any normal 
packed cells, like the rows of soldiers in source of special bone forming tissu B 
eighteenth century military formations. So contact alone is not enough for ofte 
far we are dealing with a progressive growth — the two are in contact, vet no bone is for 
process, for it is one in which new cells are There must be other factors, either i: 


>» 


being formed from a smaller number of older — cell or in the cell’s environment, or bot 
cells. But at this point a form of cellular The development of the pattern of bh 


el 
sy 





death intervenes. The nucleus of each cell then, depends upon the creation of a 
shrinks, the cytoplasm breaks up and the cell ever repaired and ever advancing. W) 
is dead. This does not indicate that growth the gap is finally closed, the bone grows 
has ceased or has become in any way ab- more, as is the case when the bone is 
normal. On the contrary it is an essential developed. If it were not so, we wou 
step in the creation of the pattern of normal be giants. There is this paradox that wi 
bone. Meanwhile, other cartilage cells are . death (of a sort) ceases, then growt! 


ae 


formed, and the process is repeated over and — sort) ceases. 

over. It is as though the soldiers at the end Consider the intricate relationships o! 
of the column were constantly being shot and these processes, some known, many } 
replacements were taking their place at the hardly guessed at. If one fails, then the 


+ ’ 
TP nei 


rear at exactly the same rate. The loss of the tern of bone cannot be attained, wl! 





soldiers at the front would leave a vacant happens to the others—whether they stop met! 
place unless the column moved forward or whether they go on. It is extremely diffic tain 
the enemy moved in and filled the space. In to unravel the contribution of each 0 hh 
bone formation this gap is filled by the op- What starts it going? What regulates i's sion 
posing forces, which then bring about a new rate? What happens to other growth pr cells 
order which is the tissue pattern of bone. esses when it alone is stopped? Methods | Fig 

The repair of the defect follows the same studies designed to answer these quest . ous! 
sequences as those involved in the repair of are not easy to find in most instances. | mat 
any injury. Capillary blood vessels grow riously enough, we have at hand a met! the 
into the place left vacant by the death of the for studying what happens when on! rup 
cartilage cells. The capillaries have as their process of death of the cartilage cel!s Ist 
close companions cells similar to those of con- stopped. This is provided by study of vit peal 
nective tissue. As a result of this growth min D deficiency which leads to rickets. | Yet 
process, the two groups of cells are brought this condition, the cartilage cells multip gro 
into eontact with the intercellular material but do not die. There is no defect; there is sup 
of eartilage. This latter substance has re- no repair, and consequently, there is 1 e 
ceived, meanwhile, a certain amount of cal- bone. The evidence obtained from the s' thir 
cium. The actual conditions which lead to of vitamin D deficieney (rickets) bi ve! 
the deposit of calcium here are obscure as giving an indication of the way in whi whi 
vet. vitamin is used, offers strong confirm ye 


A word should be added concerning the for this interpretation of bone growth. 

















DEATH 


FIG, 5. 
LS DEGENERATE AND ARE REPAIRED BETWEEN THI 
incidentally, for the importance of this third 
method by which death participates in 
tainment of a normal tissue pattern. 
In rickets, the specific effect is the suppres 
of the 


One sees in 


yt 
al- 


sion of the degeneration and death 
cells in the cartilage columns. 
Figure 6 that the cartilage cells are continu- 
ously produced ; they differentiate and reach 
Since 


maturity. There the sequences stop. 


the produetion of new cells is not inter- 
rupted, great masses of cells accumulate in 
distorted columns. The capillaries also ap- 
pear not to be primarily affected by rickets. 
Yet as the result of the failure of one specific 
group of cells to degenerate—because of the 
suppression of one of the forms of death in 
life—bone growth ceases. It is curious to 
think that some one substance should preside 
ver a of and death 
which is essential of a 
particular normal tissue pattern. 


When vitamin D is restored to the diet or 


degeneration 
for the attainment 


process 


IN 


REGION OF AC 


TIVE BONE GROWTH 


GHT, 


LIF! 





CARTILAGE, R OPED BONI 


ot its substit 


one utes made available, repair 


immediately and 


begins almost progresses 


very rapidly. The first evidence of repair is 
the degeneration of the cartilage cells at the 
margin nearest the bone. Capillaries at once 
enter the defect. Bone formation then pro 
ceeds through the usual sequences and the 
normal pattern involves laving down of eal 
cium at the sides of the degenerating cart! 
this is resumed also as the Capl 


defect Within 


a few davs, however, all traces of the changes 


lage cells; 
laries begin to penetrate the 


] 


due to rickets have disappeared 
THe PERMANENCE OF LIVING SYSTEMS 


What is death, anvhow? To this, we shal 
never know the 
wherein lies the difference between the inert 
products of the test tube and the living eéell 
And then there 


death a biological necessity t 


be 


answer until we know 


n—whvy is 


With this ques 


toward 


IS another questi 


tion, there can some start al 
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answer; a start taken with the full realiza- 
tion that it is only a crude beginning in the 
search for a complete answer. 

At the time when life began on this planet, 
there must have been something which corre- 
sponds to our notion of a cell. We do not 
wish to imply that this hypothetical first 
living svstem had an organization, a struc- 
ture, corresponding in many respects with 
cells as we know them today. There is noth- 
ing more certain than that biological strue- 
tures change with time; it is far less certain 
to what extent and in what direction this 
goes on. The point which is relevant here is 
that it is probable that at sometime in the 
earth’s history, a living system developed— 
how or why there is no way of telling. 

It is possible to determine something in 
regard to the permanence of a living system 
by the study of the growth of cells in the lab- 
oratory. The cell is the unit of life as it is 
the unit of growth. It has within itself the 
capacity to perform all the functions which 
are regarded as the peculiar property of liv- 
ing things. Can cells under favorable con- 
ditions continue to grow indefinitely, or does 
the pattern of the cell finally break up? The 
¢lassical researches on this problem are those 
of Carrel. He began the problem as soon as 
a method was available for cultivating and 
maintaining cells outside the body. This 
method of tissue culture provides a means by 
which fragments removed from any organ 
may be grown in an appropriate nutrient 
medium. The cells multiply; as the amount 
of tissue enlarges, portions can be removed 
and recultured in the same manner. 

It occurred to Carrel that the permanence 
of the living system could be studied by this 
technique. Accordingly, on January 17, 
1912, he removed a piece of heart from a 
ehick embryo. At first, the fragment of 
heart tissue continued to beat in the tissue 
culture, an observation which indicated that 
some of the heart muscle fibers were growing. 
Microscopic examination, however, showed 
from the beginning that there were many 
connective tissue cells among the muscle 
fibers. Gradually the connective tissue cells 
overgrew the more slowly advancing and 
more specialized muscle cells as weeds over- 
crow the flowers in a neglected garden. 
After a time, a pure culture of connective 





tissue cells was obtained in this w; 
that time to this, subcultures have b 
from the culture of connective tis 
and maintained in a_ nutrient 
There has been no change in the 
erowth of the cells in the culture o} 
tive tissue cells and maintained in a 
medium. There has been no chane 
power of growth of the cells in the 
and no detectable change in their app 


seed titans 


or in their reactions to alterations in 

dium in which they are grown. Thi 
erowth may be even a little greater ¢] 
when the cells were first isolated. A Jett, 
from Dr. Carrel’s secretary written May 14 
1940, states that the growth of the culture js 
as active as ever. 


ENG ina NEA 


shi 


leat s 


One obtains an appalling result when 
considers the total volume of tissue wl 
would have been produced in those 28 vears 
if all the cultures had been saved and used 
for further cultures. The fragments of tis. 


Line le MR 


sue under the conditions of the experiment 
usually double in 48 hours. If none of ¢ 
tissue had been discarded, the total produce 
during the 28 vears would have filled th 


whole known universe over and over again si 
many times that the significance of the fiy 
ures mean little to human minds. aceus 
tomed to the measure of thines about then 


There is no more convincing proof that con 








nective tissue cells have the capacity to re- | 
produce themselves indefinitely unless the | 
environment external to the cell becomes in | 
some way unfavorable. The vital structur 
of living cells, therefore, is in a sense immor- | 
tal, for the generation of these cells is far | 
oreater than all the generations of man since 
the beginning of history. Death is not inher- 





ent in the organization which is called life; 
once this is established it continues until ex- * 
ternal circumstances become such that the 
conditions required to maintain the organ 
zation are no longer met. 

Indeed, a moment’s consideration \ 
show that in nature there are conditions 
which offer evidence of the immortalit 
protoplasm even more striking than that 
Dr. Carrel. The first of these is the fact that 
all forms of life are continuous. Once 
appeared, however, it had the capacity 1 SI 
perpetuate itself. It is true that parents ; 
and offspring grow. But this is not a dis 

















DEATH 


IN 


LIFE 


FIG. 6. TISSUE PATTERN 


SHOWING A LINE OF BONE FORMATION AND THE INCRI 


ASI 


IN THI 


FERING FROM ACTIVE RICKETS. THIS DISEASE PREVENTS TH! 


CONSEQUENTLY ACCUMULATE IN LONG IRREGULAR 


COLI 


MNS. 


IN 


AS 


JEGI 


RICKETS 


BER OF CARTII 


4 RESUI 











128 THE SCIENTIFIC MONTHLY 


tinuity, for the voung arise from living cells 
of their parents. When investigation is car- 
ried to the cellular level, therefore, the ap- 
parent interruption of the chain of life dis- 
appears. All comes from life which existed 
before. 

There is a third line of evidence which 
indicates the immortality of the isolated 
living cell in surroundings favorable to its 
maintenance and development. This lies in 
the growth of bacteria which are organisms 
consisting of a single cell. They grow in the 
laboratory on artificial media at various 
rates, depending upon the species and the 
laboratory conditions. As in the case of the 
cells in Dr. Carrel’s tissue culture, each bae- 
terium gives rise to two or more offspring, 
which are able to repeat the process. Here, 
again, calculation shows that if each of the 
bacteria of a given species were placed in a 
favorable environment that species would 
soon OCCUPY the whole world. Life ceases 
only when the environment no longer is of 
such nature as to supply it with the sub- 
stances it needs and to remove the wastes 
produced in its growth. Now we see, not a 
part of an organism, but a whole creature 
which is not subject to death as we know it. 
As Child has remarked in Senescence and 
Rejuvenescence: 

Sooner or later and in one way or another, the or 

ganism gives rise to one or more new organisms, which 
like their parents are at first relatively small and 
simple, and like it also undergo a process of growth 
and differentiation. This is reproduction. In some 
of the simpler forms of reproduction the parent or 
ganism divides into two or more parts which consti 
tute the new generation, and there is nothing which 
corresponds to death in the usual sense. The old in 
dividuality is replaced by new individualities, but 
nothing is left behind. In such eases there is, as 
Weismann has aptly put it, no death because there 
is no corpse, 
There is a place in the seale of living things 
at which there is no death. There must be, 
then, a place where death first appears. 
There must be an evolution of death. 

How it is that death creeps in? In the 
simplest form of life the whole organism con- 


sists of a single cell, its walls 
facine the external world. It ¢éa 
itself so long as the requisite subs 
to be found in its surroundines 
vanisms become more complex, t] 
posed of many cells, some cells nx 
farther from the source of mat 
quired. As specialization continu 
quirements become more exactin 
pacity to adjust the organisms 
conditions, less. Here, then, is 
stable system, which carries within 
seeds of its own destruction. Only 
tions go on which have become s 
for the purpose ot reproduction. 
still more complex animals, ther 
another form of death—death whi 
only special parts and does so in su 
as to build up the normal pattern o! 
oanism—a process of death in lift 

When one speaks of the death of a 
of higher animals) he usually refers 1 
nomenon which is a concern of th 
Certainly, definite proot of surviva 
in many organs may be obtained f 
after life of the individual as a wl 
ceased. For instance, direct stimulat 
heart muscle elicits a response for 
after death has occurred and rhythm 
of the heart have ceased. Death, the 
not overtake each part of the body at 
when the life of man ends. 

Death is the inevitable result of th: 
degree of specialization of man. Ma 


the price of death in order to know ai 


control his environment. As Child says 


For his high degree of individuation man 
penalty of individual death, and the condit 
processes in the human organism which lead t 
in the end are the conditions and process 
make man what he is. 


Without those characteristics for 
man pays with death, he would still be 
bacteria. Without death of parts 
life, the pattern of many of his tissues 
not. be created. The evolution of deat] 
its culmination in the life of man. 


























By HAROLD 
\ Y-FIVE years ago the writer called 
. to the similarity between a draw 
. sod on the adobe walls of a Casa 
y : Ruin in southern Arizona (Fig. 1 
! byrinth design on certain coins from 
ats ‘the Greek Period (450-300 B.c. 
Recently he noted that A. M. Stephen re 
rted the same symbol from a rock on the 
‘race below the Hopi pueblo of Shipaulovi 
| FIG. 1. CASA GRANDE LABYRINTH 
LECONSTRUCTION TRACED FROM A PHOTOGRAPH. 





1893 (Fie. 2). <A visit to this rock again 
focused his attention on the problem as to 
the significance of this design in the south- 


western United States. 


Troy Town 
The design in question, a unicursal laby 
in Eneland as 
sometimes as the ‘‘ Walls 


‘inth, has long been known 
“Troy Town,’’ or 
of Troy,’? and much has been written about 
2 
lieval parish churches in England in the 
Harold Re 
Minoan Labyrinth?’’ 
29, 1917. 


Parsons, E, 


seems to have been associated with 





mer 


‘*Ts the 


Science, 


House of Teuhu the 
Vol. 45, No. 1174, 


Colton, 


C., ‘‘Hopi Journal of Alexander M. 
Vol. 2, New York, 1936, Fig. 516. In 


structing the damaged portions of the petro 


Stephen, ?? 
, Stephen made certain errors that can be recog 
| on comparison with the original drawing. Th 
An tho 


so true of Fewkes’s figure, American 
. Vol. 9, 1907, Fig. 
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TROY TOWN ON THE HOPI MESAS 


S. COLTON 


turl I which a te 
Not 


Is also 


form OL a maze, Oo W Were In 


existence as late as 1922 only is 1t well 


known in but it found all 


over northern Europe, from Finland to Nor 
As 


COLUIS 


Eneland, 


wav and Denmark, and even to Iceland 
if 
of the Greek Period 


mentioned above, 
Kig. 3 
as a glyph seratched on a 


Kie. 4 


on Cretan 


fyO—300 Bc 


OCCLILYS 


Wall at Pompe 


and on an early Etruscan wine 




















SHIPAULOVI LABYRINTH 


CONS . CTION l ACED ROS PILOTOGH 


ie.) 


been found on 


In 
te Roman mosaic floors and 
Italy 


pitcher a modified form, it has 


] 
la 


medieval cathedrals in France and 


It 
Europe 
In 


restricted distribution 


IS. therefore. a desien widely spread 1th 


has a much more 


In the 


it appears as a glyph at Casa Grande Ruin 


America the desien 


Southwest 


in the Gila Valley of southern Arizona, as a 


the 


petroglvph on a rock on the terrace of 
the Hopi 


Shipaulovi in northern Arizona, and | 


west side of Indian 


pueblo (| 
hot 


S 


mon motive on Pima Indian baskets 
Kig. In the of 


the Museum of Northern Arizona is a Navajo 


an ulleori 


and plaques 6 collection 


saddle-blanket with this design (Fig. 4 
Not only is the design known in the South 
west, but it is also found far away in the 

Matthews, W. H.. Mazes and Labyrinths, London 
19 
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British Museum 
FIG. 3. CRETAN COIN 
DATING FROM THE GREEK PERIOD, 400 350 B.C. 


mountains of Tennessee, among the people 
who are of English descent. 


CONSTRUCTION 
After the author’s earlier paper was pub- 
lished, he received a letter from J. B. Norton, 
of the United States Department of Agricul- 
ture in Washington, D. C 
brought up in the mountains of Tennessee. 
Mr. Norton was familiar with the design, 


who had been 


having in his vouth plaved a game ealled the 
“Walls of Troy.’’ By means of Figure 8 
he shows step by step from A to K how the 
design of the ordinary, or standard, Troy 
Town is laid out and developed. However, 
many variants are common, such as substi- 
tuting angles for curves or adding more 
angles; also it is possible to change the cross, 
by leaving out or adding arms, but such 
Variants are not common in observed his- 


‘4 








ifter Matthews 
FIG. 4. GLYPH 
THIS MAZE WAS SCRATCHED ON A WALL AT POMPEII. 


torical cases. The Troy Towns 
coms (Fig. 3) and at Pompeii (} 
the entrance at the top, while a 
ern forms that show polarity h; 
trance at the bottom, as shown in | 
As the Trov Town figure is 
asvmmetrical, it does not lend its: 
tectural treatment; the Romans 
designed a more or less svymmet 
adapted for use in mosaic paven 
10). As this variant accented t] 
was widely adopted by the archit 
twelfth century cathedrals on the 
of Europe, particularly in Fran 
over, several turf mazes of unkno 
England take this Roman form 


o 
, S 


—=— 


nent ee 

ifte) 
FIG. 5. DECORATION 

rHIS APPEARS ON AN EARLY ETRUSCAN 











Among the various authors who ha 
ulated on the construction of the sta: 
Troy Town, Krause, a German, has s 
how it might have been derived from N 
umbrian spiral rock engravings. — Ih 
no one before Norton, so far as the 
knows, has given the manner of constr 
which probably is responsible for the 
tence of the shape of Troy Town 
many centuries. 

PURPOSE 


Matthews, in his book entitled J; 
Labyrinths, had investigated the use t 
the unicursal labyrinth called ‘* Troy ‘| 
was put and comes to no very defini 
clusion; nor do the names by which th 
rinth is known furnish any definite 
Specimens in Somerton and Hillbury 
gland are called ‘‘Troy Town.’’ In ‘ 
erland and Lincolnshire they are cal! 

















TROY TOWN ON 


A specimen from Wales 


Troy.” 
d ‘*Caerdroia,”’ 
tz). 
called ‘* Trojin,”’ 


Troy Citadel. o1 


( hyo, Various Norwegian ex 
*Trojebureh,”’ 
all oft which 


The 


labeled 


borg,’’ ** Troborg,”’ 
translated as ** Troy Town 


the Etruscan 


c on Vase IS 
Troy ) Thus we have the word 
associated with many of these 


ths. 
examples found on Cretan coins and 
ph scratched on a wall at Pompeii are 
tely associated with the Minoan laby 
not with Troy. 

many parts of North Europe, the local 
are associated with neither the 
nor the Minoan labyrinth. 
‘*The 
‘St. Peter’s Game,’’ ‘‘ Ruins of Jerusalem,”’ 
‘City of Ninevah’’ and ‘‘ Walls of Jericho,’ 
while one in Ieeland is known as ‘* Wevland’s 
House.’’ In Norway, examples are called 
the ‘‘Nun’s” Fenee,’’ ‘‘Maiden’s 


Castle,’ “TPT roll’s 


examples 
Some in 
called Giant’s Fence,”’ 


Finland are 


Dance,”’ 
‘Round and Castle’’ 
Fig, 13 

Nor do the 
architectural 
continental 


nn 
The 


the Roman 


found as mosaics on the 


names which 


form 


by 


floors of ¢athedrals furnish a 


Chartres 
with 


clue mosaic labyrinth in 


is ealled ‘‘La 


Cathedral Lieue,’’ pos 
sible reference to its being a league lone. 
which Matthews states it is not. Other 
French cathedral labyrinths are called 


‘*Daedale’’ (re 


Jerusalem,’’ 


“(Chemin de 





PIG. 6. MODERN PIMA INDIAN PLAQUE 
FROM SOUTHERN ARIZONA. FROM THE COLLE 
TION OF THE MUSEUM OF NORTHERN ARIZONA. 
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MODERN NAVAJO BLANKET 


ON' ( oO - OF oO {1ERN oO 


; 


ferring to Daedalus, the legendary architec 


of the Cretan Labvrinth), and **Meandre.”’ 


In these the eenter Is soOmMmeTINES called 
“Ceil’? (Heaven) or ‘* Jerusalem These 
hames suggest an ecclesiastical purpose In 


the center of the labvrinths at the Rheims, 
Amiens Cathedrals 
fleures supposed TO represent the 


of the 


SeCCLILIIS 


Chartres, and there are 
architects 
structures. but this 


to 


interpretation 


open discussion. Matthews has 


pointed out that none of these ecclesiastical 
labyrinths carries a Christian emblem, nor 
do these labyrinths appear in the Roman 


+ 


catacombs. In Eneland this Roman variant 


similar to those in the French cathedrals ap 


pears as turf mazes where they are known 
by various names, such as ‘*.Julian’s 
Bower,’’ ‘*Shepherd’s Labvrintl ‘Shep 


and ‘* Mizmaze.’”’ 
Although the labyrinth is associated more 


herd’s Race,’’ 


commonly in Europe with either Troy or the 


Minoan the 


Laby rinth, we see that hames 


throw little light on the purposes of Tro 
Town, notwithstanding the fact that muel 
has been written about it However, the 
persistence with which the symbol ETO! 


Town’’ has shown through the ages. over two 
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FIG, 8. 


thousand vears of recorded history, must 
have something back of it. 

In the classical literature are frequent ref- 
erences to the ‘‘Game of Trov’’; these refer- 
ences go back to the ‘‘Lusus Trojae’’ (Game 
of Troy) of Roman times. The game seems 


to have been a processional parade or a 
dance, sometimes on horseback. 
In English literature we have frequent 


references to ‘‘runnine the maze,’’ but no 


ifter J. B. Norto 


SUCCESSION OF DRAWINGS SHOWING HOW TROY TOWN IS CONSTRUCTE! 


one tells us just how it is done. = In 1s 
one zanne Sylvester, writing in ‘‘ Notes 
laments the fact that the old 
ish ‘‘Game of Trov’”’ is becoming ext 


(Queries, ’’ 


but as she does not describe it we dal 
left in the dark. 
to this problem, we must probably look + 


If we are to get a so 


Tennessee mountaineers. 
Although the explanation is highly s 
lative, Matthews suggests that the Troy 
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After Matthews from O. Worm, 1651 
A DANISH RUNIC STONE 
BEARING THE DESIGN OF A TROY TOWN LABYRINTH. 


FIG. 9. 


Labyrinth may have been a neolithic Nordic 
Aryan design associated with some ceremony, 
and that it entered England with the Dan- 
ish and other Scandinavian conquests, and 
Greece and Italy with the Aryan migration. 


INTERPRETATION OF THE DESIGN BY 
AMERICAN INDIANS 


According to Buckingham Smith, the 
Pima Indians in southern Arizona call the 
design ‘‘Teuhiki’’ and describe it as the 
House of Teuhu. Teuoho (Gopher) was a 
mythical hero who led the Pima clans from 
the underworld by digging a spiral hole. 

After the rediscovery of the Hopi design, 
the attention of several Hopi Indians was 
called to the symbol. Edmund Nequatewa 
interpreted it as Wu-pa Wi-ki, a mythical 
tower built by the women to escape from the 
men. Alfred Whiting showed the design to 
Lomaheftewa of Shungopovi, who called it 
the ‘‘Home of Matcito.’’ Whiting later 


~~ 
~y 


showed it to Don Talayesva of Oraibi, who 
stated that it was known by two names, the 
House of Manchito and the House of the 
Spanish Priests, meaning the Mission of San 
1680 

labyrinth en- 


Francisco at Oraibi 
which, legends hold, had a 
trance. Matcito, or Manchito, 
dary founder of Oraibi. It would seem that 
these names apply to any kind of labyrinth, 


(destroyed in 


was the legen- 


not particularly to Troy Town. 


Troy TOwN IN THE SOUTHWEST 

The southwestern examples of Troy Town 
at Casa Grande, at Shipaulovi, on modern 
Pima baskets, and on Navajo rugs are hard 
to explain, and explanations given now are 
highly speculative. 

At Casa Grande the design 
fifteen to eighteen inches above the level of 


is seratehed 


a second floor, which has been destroyed. 
To have drawn it when the floor waggin place, 
a man would have had to sit. On the other 
hand, if a man stood on the debris which once 
filled the first floor room 
probably removed in 1889), he would have 
been in a good position to make the drawing 
while standing. This would place the earli- 
est possible date perhaps a century after 1400 
A.D., when the structure was thought to have 


(debris which was 
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ijter Matthews 
ROMAN MOSAIC PAVEMENT 
MONMOUTHSHIRE, ENGLAND, THIS 
ARCHITECTURAL TYPE. 


FIG. 10. A 
FROM CAERLEON, 
IS AN EXAMPLE OF THE ROMAN 
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After Matthews 


FIG. 11. LABYRINTH, LUCCA CATHEDRAL 
THIS IS AN EXAMPLE OF THE ROMAN TYPE FOUND 
ALSO IN MANY OF THE CATHEDRALS OF FRANCE. 


been abandoned. The drawing was first re- 
corded in 1889 by Cosmos Mindeleff, so it 
could have been made any time between 
about 1500 A.p. and 1889 a.p. Moreover, it 
is known that Father Kino said mass in the 
ruin in 1694, and Father Kino was a German 
who might well have been familiar with Troy 
Town. 

An unknown priest visited the ruin in 
1761 or 1762 and left a drawing of Troy 
Town on a margin of his manuscript, saying 
it was a plan supplied by a Pima Indian of 
another ruin. Apparently Troy Town was 
as well known to the Pima Indians of the 
eighteenth century as it is today, so the Casa 
Grande specimen could have been drawn by 
one of them. In any case, there was ample 
opportunity for European contact. 


on 



































Matthews after P. Roberts 


FIG. 12. CAERDROIA 
THE CAERDROIA IS A WELSH EXAMPLE OF TROY TOWN. 


The design at Shipaulovi was first 


by A. M. Stephen in 1893; he said the Hi. 
called it ‘*Towi-nakvi-ta-ta’’; Edmund \,. 


quatewa states that the name does not 
to the labyrinth but to a nearby rock forms. 
tion which resembles a modern turquoise , 
ring. The design is not engraved, as mos: 
the modern Hopi petroglyphs are, but ; 
pecked in the sandstone rock, as are the pra 
historic or early historic drawings in tha 
area. The peck marks are slightly wea: 
ered but not much more so than others of 
early historic period. As a Franciscan \js. 
sion was established at Shungopovi in 1629 
less than two miles from Shipaulovi, which 





After Matthews 
STONE LABYRINTH AT VISBY 
ON THE ISLAND OF GOTTLAND IN THE BALTIC SBA 


FIG. 13. 


had a visita at Mishongnovi half a mile fron 
the rock, it does not take much imagination 
to see that there was plenty of opportunity 
for Europeans to have introduced it between 
1629 and 1680, when the Hopi had many 
European contacts. 

Although not impossible, it is highly im- 
probable that so complicated a design could 
be an independent invention. This is sup- 
ported by the fact that it does not appear 
among any of the thousands of southwestern 
petroglyphs of certain prehistoric age, so we 
cannot prove great antiquity for any of the 
known American examples. Therefore, we 
must conclude that Troy Town in the South- 
west could easily have arrived from Europe 
across the ocean via Mexico by diffiusion. 
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NEWTONIAN AND OTHER FORMS OF 
GRAVITATIONAL THEORY 


II. RELATIVISTIC THEORIES 
By GEORGE D. BIRKHOFF 


The Larmor-Lorentz-Einstein Framework 
of Space-Time. If an impartial observer, 
supplied with an astronomical clock and a 
telescope but with no other means of physical 
observation, were to make observations on 
the heavens, he would discover a universe in 
which all of the stars appeared on an equal 
hasis. He would observe that in his indi- 
vidual space and time, the laws of geometry 
hold, but he would grant that exactly the 
same laws must hold equally well for any 
other observer. He would of course realize 
that light travels with respect to him at a 
velocity which he might well take to be unit 
velocity. But he would expect light to travel 
in the same fashion relative to the space of 
an observer on another star. In this way he 
would be led without logical difficulty to a 
certain space-time framework in which the 
notion of simultaneity has no longer the same 
significance for all observers; in particular, 
events simultaneous for the observer on star 
A would not be simultaneous for an observer 
on star B, unless A and B are relatively at 
rest. His final unavoidable mathematical 
conclusion would be the following: It is pos- 
sible to set the observations of other observers 
in agreement with his own by a very simple 
rule: the clock of any other observer appears 
to go at a slower rate in the ratio of \/]-v? 
to 1, and distances in the line of motion are 
contracted in the same ratio. Here v is the 
relative velocity of the other star. 

Working from electromagnetic considera- 
tions alone, Lorentz was led to assume about 
1892 that such a spatial contraction takes 
place in moving electromagnetic systems. 
Later on, Larmor and he recognized more 
explicitly the necessity for a similar time con- 
traction. By this means not only were the 
null effects of the Michelson-Morley experi- 
ments fully explained, but a number of other 
null effects as well. 

We may say, then, that the space-time 
appropriate to the stellar universe and to 
electrodynamics is this type of ‘‘astro-elec- 





triec”’ However, while Larmor 
and Lorentz saw in the situation a certain 
disagreeable indeterminacy in the specifica- 
tion of the underlying ether, Einstein was 
led (1905) to affirm positively that from the 
very nature of physical law it is impossible 


space-time. 


to single out one of these systems of reference 
as being at rest. This conclusion would ap- 
pear entirely natural to the impartial stellar 
observer referred to above. 

The Lorentz Group. The theory 30 ob- 
tained constitutes Einstein’s special theory 
of relativity and amounts to a change from 
the Newtonian group of motions to what we 
shall eall the Lorentz group, although it 
might with equal propriety be called the 
Larmor-Lorentz In this type of 
framework of reference we have a homogene- 
ous four-dimensional framework in which one 
coordinate is ‘‘time-like’’ and the other three 
are ‘‘space-like,’’ but nevertheless space and 
time are fundamentally commingled. The 
two invariants of distance and interval of 
time of the Newtonian framework are now 
replaced by a single invariant termed by 
Lorentz the ‘‘local time,’’ which may be writ- 
ten in the symmetric form 

ds? = dt? — dx? — dy? - dz’. 

The language of 4-vectors is completely 
appropriate to this type of space-time, and 
the mystic equation holds: 

1 second = 186,300 \ —1 miles. 

Today every well-informed physical theo- 
rist accepts this type of space-time as funda- 
mental in the electromagnetic domain. The 
4-vector language referred to is identical in 
structure with that of 3-vectors, fundamental 
in the Newtonian theory. 


group. 


The Gravitational Theory of Nordstrim 
(1912). The question immediately presents 
itself as to how gravitation is to be accounted 
for in such a modified framework of space- 
time. The first suggestion is to take over 
directly the equations written in Part I as 
characteristic of the Newtonian theory. 
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However, such a direct transposition is not 
possible for a reason which can be readily 
specified. 

In the new type of space-time, where the 
natural independent variable is the local time 
appropriate to each particle, and the velocity 
vector has four components instead of three, 
the ‘‘length’’ of the velocity vector turns out 
to be 1, while the acceleration vector must be 
considered as always being at right angles 
(‘‘orthogonal’’) to the velocity vector. This 
makes it necessary to insert a very simple 
type of additional term in the second of the 
equations given earlier in the case of the 
cosmic dust model. 

Furthermore the first equation there writ- 
ten, which yields the conservation of mass, 
may be united with the second equation, by 
employing the symmetric velocity bivector 
multiplied by the density 9; this product 
may be called the energy bivector and is de- 
noted by 7. Thus the complete equations 
reduce to only two in the Nordstrom theory. 





div T=p [grad g- (u: grad g) u], 
div grad g =4no. 











If we desire to use as model a homogeneous 
adiabatic fluid or gas it is only necessary to 
add a pressure term to the tensor T.? 

The close formal analogy between this rela- 
tivistic theory of Nordstrém and the New- 
tonian theory of gravitation thus becomes ap- 
parent. 

On this basis Nordstrém was able to ac- 
count for all of the usual phenomena of 
gravitation. The primary reason why the 
theory was unfavorably received at the time 
was that it would yield a regression instead 
of the desired advance in the perihelion of 
Mereury. The new theory predicted the 
same shift of spectral lines toward the red 
as did the later generalized theory of relativ- 
ity of Einstein. 

It is interesting in this connection to quote 
a note added by Nordstrom during the final 
correction of proofs of his article: 


I have learned from a communication by letter from 
Professor Einstein that he has already occupied him- 
self with the possibility dealt with here, namely, to 
treat gravitational phenomena in a simple way, and 


1 That is, T = (puiui—pgii) where the constants gij 
are zero for i and j different, and g'=1, g™=g* 


=g*=—], 


that he has come to the conviction that the eo, 
quences of such a theory cannot correspond with ; 
reality. He shows through a simple examp] 
according to this theory a rotating system in a 
tational field undergoes a smaller acceleration { 
non-rotating system. .. . However the conse 
mentioned indicates that my theory cannot by 
with the Equivalence Hypothesis of Einstei; 
But although the Einstein hypothesis is ren 
ingenious, it introduces great difficulty. . . . On 4 
account it is desirable to consider gravitation ¢ 
other points of view, and I will permit my comn 
cation to serve as a contribution in this direct 
Possibly mathematicians, interested 
natural varieties of important theories rathey 
than solely in pursuing the ignis fatuus 
the ‘‘one true theory,’’ will some day gi 
sufficient attention to this simple gravitg. 


a 


} 


tional theory of Nordstr6ém’s in order | 
develop the principal properties of the con. 
ceptual universe which he has defined. For 
example, the two-body problem might 
be investigated as it arises in his theory. 

Before passing on, however, it is impor. 
tant to note one modification arising in t! 
Nordstrom theory. In fact, the last equation 
written, analogous to the Poisson equation in 
the Newtonian theory, is used to determine 
the Nordstrom gravitational potential 4g as 
a retarded potential. This means that 
though the theory is reversible from 
formal point of view, it will not be so in 
actuality. In fact, when time is reversed, 
the retarded potential becomes an advanced 
potential, and hence motions are not re- 
versible. In consequence one is led to expect 
the gradual loss of energy through a kind o! 
gravitational radiation. 


The Equivalence Hypothesis and Tensors. 
With reference to a body falling freely ina 
vacuum toward the earth, gravitational phe- 
nomena seem to disappear. It was the fun- 
damental assumption of Einstein’s which led 
to his general theory of 1916 that a like situa- 
tion holds in all gravitational fields, at least 
to a certain extent. This conjecture consti- 
tutes his celebrated Equivalence Hypothesis. 

When the hypothesis is employed in con- 
junction with the daring but philosophi- 
eally plausible hypothesis which it suggests, 
namely, that space-time is conditioned by 
matter, one is led directly to Einstein’s gen- 
eral theory of relativity. In this theory 
the geometrical ideas of Riemann concerning 
generalized spaces and the corresponding 





{ 
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tensorial language of Ricci and Levi-Civita 
play a fundamental part. 

The Associated Group and its Invariant. 
The associated group is now the extremely 
veneral one which admits all possible con- 
tinuous deformations of space-time. This 
means that any coordinates of reference 
whatsoever may be employed. There has 
heen a tendency on the part of Einstein and 
others to give this characteristic feature of 
the new theory of relativity a fundamental 
philosophical significance. But it must be 
remarked in this connection that any entity 
ean be expressed in terms of such general 
coordinates. For example, a spherical sur- 
face in ordinary space is a very concrete 
mathematical entity, and yet it can be de- 
fined intrinsically as a simply connected two- 
dimensional manifold with constant Rieman- 
nian curvature. In this way we achieve the 
intrinsic definition of a specific surface in 
the general language of tensors. 

The single fundamental invariant is usu- 
ally designated by ds and may be called ‘‘the 
element of local time,’’ since it has that sig- 
nificance from the physical point of view. 
With Riemann, it is supposed that the square 
of this small element of time, ds?, is measured 
by a quadratic expression in terms of the 
small changes of the coordinates. It can be 
proved that by choosing suitable ‘‘normal 
coordinates,’’ the local space-time framework 
in the neighborhood of a point (an event) in 
the four-dimensional world under consider- 
ation, takes the same form as that basic in 
the space-time of the special theory of rela- 
tivity, namely that defined by 

ds? = dt? — dx? — dy? — dz’. 
Here the light-second is taken as the unit of 
distance. 

In such normal coordinates the Equiva- 
lence Hypothesis means that bodies move in 
locally straight lines with locally uniform 
velocity, while light is also propagated 
rectilinearly with the velocity 1. 

It is a fundamental fact that when such 
normal coordinates are employed, the same 
vector notation as before is generally avail- 
able for expressing the tensor formulation. 

The Gravitational Theory of LEinstein. 
With these considerations in mind it is easy 
to explain the general motivation of Ein- 
stein’s theory. 


As in the theory of Nordstrém, it is suffi- 
cient to introduce the energy 
tensor of the second order T where the asso- 


symmetric 


ciated matter is conceived of as made up 
either of cosmic dust or of a homogeneous 
adiabatic fluid. The equations of motion 
and the condition for the conservation of 
mass combine into the single tensor equation 
div T=0. 

Furthermore, if we denote by G the funda- 
mental symmetrie tensor of the second order 
associated with ds*, then the condition that 
space-time is flat where there is no matter 
reduces to div grad G=0. The natural way 
to formulate the condition that space-time is 
curved by matter is to replace 0 on the right- 
hand side of the above equation by the sim- 
plest possible expression involving the en- 
ergy tensor of matter T. 

The uniquely indicated outcome gives the 
gravitational equations of Einstein: 





div 7 =0 


div grad G =- 8m (T-4/T\G) 











These equations are a good deal more com- 
plicated in explicit detail than they are con- 
ceptually. In fact, the theory introduces 
ten new gravitational potentials instead of 
the single potential of Newton; and when we 
use general coordinates instead of the very 
convenient normal coordinates, the synoptie 
equations above turn out to contain hun- 


dreds of terms. 


Successes and Difficulties of Evinstein’s 
General Theory. There are two remarkably 
impressive features of the generalized theory 
of Einstein. The first is that it explains the 
observed excessive advance of the perihelion 
of Mereury, which the Newtonian and Nord- 
strom theories failed to do, and in addition 
predicts the bending of light from distant 
stars by the sun and a shift of spectral lines 
toward the red, both of which effects have 
been quantitatively verified through subse- 
quent observations. The second feature is 
the grandiose suggestion that gravitational 
and possibly all other physical phenomena 
merely amount to a kind of generalized geom- 
etry. The theory has proved extremely 
thought-provoking from the point of view of 
physical theory and from the philosophic 
standpoint as well. 
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On the other hand this theory has not 
entered effectively into theoretical physics. 
There has been general agreement in the use 
of the special theory of relativity and its 
framework as basic for electromagnetism, 
and (with Larmor) to think of the general 
theory as a brilliant ‘‘auxiliary construct.’’ 

Certain difficulties of this theory must be 
mentioned. In the first place, the Varia- 
tional Principle adduced by Einstein does 
not really provide the complete equations of 
the theory even for empty space, since it is 
necessary to adjoin a second principle which 
expresses the condition that the elementary 
particle travels in a straight line locally, 
namely 3fds=0. Thus in a strict sense we 
have two Variational Principles instead of 
one, and this fact seems to destroy the sig- 
nificance of the variational property. Of 
course, as was stated in Part I, it does not 
seem reasonable anyway to require such a 
Variation Principle to hold. 

Secondly, in a certain sense, the gravita- 
tional forces of Einstein are superimposed 
upon all other forces to the same extent as 
are the Newtonian forces. The mechanism 
of the superposition, however, is entirely dif- 
ferent in the two cases: In the Newtonian 
ease we simply add on the postulated gravi- 
tational forces as further force vectors; in 
the Einstein case we first express physical 
laws in the 4-vector language of the special 
theory of relativity, and then, merely by 
changing 4-vectors and ordinary derivatives 
into tensors and ‘‘covariant derivatives,’’ we 
automatically insert the gravitational forces. 


Alternatives to the Einstein Theory. 
There have been many papers written with a 
view to modifying and extending the gravi- 
tational theory of Einstein. It was hoped at 
the beginning that this theory might provide 
the basis for explaining the apparent rapid 
expansion of the stellar universe. But it was 
later seen by Lemaitre and others that such 
an expansion would only be possible if the 
Einstein field condition (the second equation 
written above) was lightened. Likewise it 
was found by de Sitter and others that the 
four-dimensional framework might be modi- 
fied in an interesting way by altering the 
boundary conditions. Such changes leave 
the Einstein theory substantially unaltered. 

Among attempts to incorporate electro- 


magnetic phenomena as well as gravitat 
phenomena in a ‘‘unitary field theory” 
may especially mention the ‘‘gauge-inya; 
geometry’? of Weyl (1919) and Kk 
five-dimensional theory (1921). In { 
of these the quantitative significance 
time ds is abandoned, although ds =() 
tinues to represent an invariantive c 
3ergmann’s recent book says of th: 
theory that, ‘‘in spite of the beauty 
geometrical conception, this geometry 
not led to a successful theory.’ L 
it is evident that Kaluza’s five-dimens 
theory and its projective equivalents (\ 
len and Hoffman, Pauli), add a fifth di: 
sion ‘‘which has no direct physical 
cance.’’ Here ingenious ad hoc hypot 
concerning the fifth dimension yield foyr 
new world functions which operate as { 
basic electromagnetic vector potential. 
In this way, a number of different 
interesting further leads have been gs 
gested, based on curved space-time. |] 
them purport to present a geometrical | 
in which matter appears as a local singular. 
ity in a geometric manifold. The tech 
difficulties to be overcome in their furt! 
development seem to me extremely gr 
There is an undeniable air of unreality a 
them as well as in Einstein’s genera! 
gravitational theory. 


‘ 


Some Other Theories. There have } 
attempts to obtain a simpler explanat 
of the crucial phenomena referred to al 
For example, in this country H. B. Phillips 
(1920) tried to deduce the same conclusions 
from the Newtonian point of view. His s 
ple and ingenious theory has since been re- 
discovered more than once. Phillips accepts 
the somewhat vague Principle of Equ 
lence of Einstein and shows that, by 
preting it conveniently in the space and ti 
of classical physics, it is possible to arrive at 
Schwarzchild’s basic formula, upon w! 
alone all the crucial tests are known 
based. Unfortunately, it would be hard 1 
deny that some of the reasoning is ad / 
being definitely directed towards obtaining 
this very formula. 

Others have tried to find a basis in 

2 An Introduction to the General Theory of E 
tivity by P. G. Bergmann, with a Foreword by 
Einstein (New York, 1942). 
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Jectromagnetic space-time of special rela- 
. A conspicuous illustration has been 
the attempt of the English astronomer Milne 
1933).8 To me his gravitational develop- 


ments seem lacking in cogency; E. A. Milne 


TIVITV. 


rts with a homogeneous expanding uni- 


verse based on special relativity, and it is 
hard to see how any definite theory of gravi- 
tation results from the inherent properties of 


his model. 

In neither the theory of Phillips nor of 
Milne does there appear a natural analogue 
of the fundamental Poisson equation char- 
acteristic of the Newtonian theory. 


The Relativistic ‘‘Perfect Fluid.’’ The 
idea of the ‘‘ perfect fluid’’ was introduced by 
me in 1928 but with no thought of using it 
except against the framework of the general- 
ized theory of relativity of Einstein. My in- 
terest in the perfect fluid arose from the fact 
that it was a satisfactory form of matter 
from the mathematical point of view, and 
appeared to afford a possibility for a con- 

ptual derivation of Schroddinger’s cele- 
brated ‘‘wave equation’’ of 1927. 

It was only in 1942 that it occurred to me 
to try to construct a gravitational theory in 
which the perfect fluid was used against the 
background of the flat space-time of the spe- 
cial theory of relativity. To my surprise |] 
found that the simplest possible theory of 
this type led to results in complete accord 
with known gravitational phenomena. It 
was this new theory which I presented at the 
Astrophysical Congress in Mexico in 1942. 
Before proceeding with the consideration of 
this theory, it is desirable to make clear why 
the perfect fluid deserves our special atten- 
tion. 

To begin with, let us examine from the 
mathematical point of view, what type of 
fluid is worthy of being a model for matter. 
The model of cosmie dust, used in the Hin- 
stein theory, appears invalid inasmuch as 
such matter can interpenetrate freely, con- 
dense on a point, and turn inside out, in the 
natural course of events! 

On the other hand, if we consider forms of 
homogeneous adiabatie fluid in which there is 
pressure, we avoid these difficulties, but we 
run into another difficulty which is equally 


’See his Relativity, Gravitation and World Strue- 
ture, 1936. 


serious, 


turbance velocity at all densities. If this 


disturbance velocity is greater than that of 
light, there is evidently a fundamental diffi 
culty, since it is a basic presupposition that 
the velocity of light is a limiting velocity 
If this velocity is less than that of light, and 
if two portions of the fluids collide at op 
positely directed velocities exceeding this dis 
turbance velocity, then the equations break 


down. Thus it seems essential to demand 


. °,° 
4+] 


that at all densit disturbance velocity 


f hi When 


must be « xactly eq ial to that of heht. 
perfect 


e 


we do so, there is obtained the ‘ 


EF ET Pe . pink ?? 1 ’ 
fluid’’ with ‘‘equation of state’? p=4p. For 


reasons which I cannot enter upon here, it 
seems certain that no difficulties can ever 
arise with interacting and colliding portions 
of perfect fluid, 


framework. 


moving in a relativistic 


Such a fluid will be almost incompressible, 


due to the enormous disturbance velocity, 
and its mass will not be strietly invariable. 
It is impossible therefore to criticize its 


structure on account of any thermodynamic 
} 


argument based upon the strict conservation 


of mass. As has been kindly remarked in 
Buenos Aires by my eminent colleague, Pro- 
fessor Enrique Butty, the perfect fluid has 
a certain analogy with the well-known ‘‘lu- 
miniferous ether’? of Young and Fresnel in 
which light travels in all directions with the 
same velocity. There is, however, the basic 


difference that while the luminiferous ether 
perfect fluid is con- 


is essentially static, the 
ceived of as only filling part of electromag 


netic space-time, and as mobile and dynamic 


The New Theory. My theory, like Nord- 
strém’s, is built upon the electromagnetic 
frame-work of the special theory of rela- 
tivity. I start from the perfect fluid as a 
model and introduce a symmetric gravita- 
tional potential H (a tensor), letting T 
designate as before the symmetric energy 
tensor of the perfect fluid. 

The equations of motion of the fluid are 


of course written div 7 =f, where f 


is a force 
4-vector which has to be specified. The nat- 
ural requirement, by analogy with the New- 
tonian theory, is that the 4-vector f should be 
linear in the ‘‘first partial derivatives’’ of H. 
Furthermore, f must be automatically or- 


thogonal to the velocity vector wu, sinee, as 
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has been noted above, the force and accel- 
eration vectors are always orthogonal. Fin- 
ally, it is natural to require that the gravi- 
tational theory shall be formally reversible 
in character, as it has been in all previous 
theories. The simplest form for f which 
meets these requirements is then the follow- 
ing :* 
ou curl H wu 
Thus the two equations of the ‘‘ perfect 
fluid’’ theory are obtained : 





div 7 =puecurl H u 
div erad H= Sit T’ 











The ‘‘perfect fluid’’ theory of gravitation 
embodied in the above equations not only 
yields an explanation of gravitation in its 
first order effects, but also leads to essentially 
the same conclusions as Einstein’s regarding 
the three crucial second order effects! It 
seems to me to deserve careful consideration. 

There is no difficulty in incorporating the 
electromagnetic as well as gravitational 
forces in the new theory. Of course the elec- 
trical charge is thought of as invariably at- 
tached to the perfect fluid. The form of the 
electromagnetic force which has to be added 
to the gravitational force specified in the first 
equation of the ‘‘perfect fluid’’ theory is of 
interest, because of its structure. The more 
important eléctromagnetie force vector is 
known to be linear and homogeneous in the 
velocity vector u while the gravitational force 
vector is quadratic in the above theory. This 
is fitting, in view of the fact that gravita- 
tional forces are much smaller. One recalls 
in this connection a daring speculation of Sir 
Joseph Larmor’s in a section entitled ‘‘Are 
the linear equations of the Aether exact ?’’ of 
his important work ‘‘ Aether and Matter’’ 
(1900), where he asks: ‘‘Why then should 
not relatively minor phenomena like gravita- 
tion be involved in similar non-linear terms 
in... the analytical specification of the 
free aether. . .?”’ 

It is to be emphasized that the new theory 


4This notation is not quite complete, since a 
triadie vector, curl H, is involved. The specific defi- 


nition is 
j h 
fi, =e Ghia Shag uB 
bzg a, 
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is strictly based upon electromagnetic sp. 
time and is formulated completely in t} 
guage of 4-vectors. The development ; 
theory and its application to the erucia] 
nomena is an elementary and simple » 
requiring only four or five pages of 
mathematical work. 

Whether or not these equations can he 
tained out of a simple, unified variat 
principle remains to be seen. I have not 
yet had an opportunity to investigate | 
interesting question. Likewise I have not 
yet found time to examine whether or not 
theory suggests further experiments, by 
aid of which it and the Einstein th 
1916 might be compared. 

Concluding Remarks. My primary puwr. 
pose has been to convey some idea of th 
timate formal relation between the grand 
theory of universal gravitation of Newt 
and certain recently proposed relativist 
modifications. It seems clear that the Ney 
tonian theory will always stand as the re; 
istic basis for astronomical calculations 
Relativistic theories are likely to be us 
only in a few cases when large velocities enter 
and the minute relativistic effects can be 
served. 

Nevertheless such relativistic theories see 
more in accord with the electromagneti 
structure of matter than does the theory of 
Newton. These new theories deserve much 
more serious attention than they have re. 
ceived, both from theoretical physicists and 
mathematicians, for they are as yet in 
highly incomplete state. For example, it is 
not even known whether a real analogue 0! 
the two-body problem exists in any of them 
Furthermore, not one of them is really a field 
theory in the complete sense of the classical 
electromagnetic theory of empty space, sinc 
all differentiate between the parts of space- 
time where matter is and void space-time. 

One cannot but feel the highest admira- 
tion for the solid and permanent accomplish- 
ments of the gravitational theory of Newton, 
and for the splendid developments of classi- 
eal physics which it inspired. It would b 
intensely interesting to know how Newton 
himself would regard the relativistic variants 
of his theory which have been suggested by 
modern developments in electromagnetism 
and modern mathematical formalism. 














THE NATIONAL ROSTER OF SCIENTIFIC AND 
SPECIALIZED PERSONNEL 


By LEONARD CARMICHAEL 


I am sure that almost every reader will 
aeree that highly trained professional and 
scientific personnel is a national resource 
indispensable to the successful prosecution 
the war, on the fighting and on the home 
front. The mobilization of a modern, demo- 
eratic, industrial nation for total war must 
necessarily pass through a series of different 
developmental phases. This dynamic process 
last year reached an extremely grave point 
so far as the proper utilization of technical 
manpower was concerned, and the situation 
is even more grave today. It is fortunate, 
therefore, that the instrument of the Federal 
Government for dealing with this problem— 
the National Roster of Scientific and Special- 
ized Personnel, which was created a little 
over three years ago—is now well established 
in its funetions and procedures. At least 
some of its growing pains are over. 

The recognition of the need for this cen- 
tral clearing house, not only for the names 
of specialists but also for the development of 
policies and procedures concerning the utili- 
zation of specialists, first took concrete form 
in the summer of 1940 in the organization 
of the National Roster. The lack of such a 
mechanism in the last war, resulting in hap- 
hazard handling of such personnel, was the 
principal factor in developing the Roster 
mechanism to prevent a recurrence of these 
difficulties. In short, the Roster was created 
because of the necessity of having an organi- 
zation specially equipped, in terms of facili- 
ties and personnel, to deal with the special 
characteristics and complexities of the pro- 
fessional labor market. No matter how de- 
centralized their regular labor market pro- 
cedures may be, other countries, on the basis 
of similar experiences, have also found it 
necessary to establish central agencies and 
controls for dealing with professional and 
scientific personnel on a policy and _ indi- 
vidual case basis. 

The National Roster was established in 
June 1940 under the joint sponsorship and 


ol 


14] 


direction of the United States Civil Service 


Commission and the National Resources 
Planning Board. Under authority of the 
Employment Stabilization Act of 1933, the 


National Resources Planning Board had been 
charged, among other things, with develop- 
ing procedures for the proper conservation 
of natural resources, both physical and hu- 
man. To the National Roster w 
the responsibility of devising effective pro- 


is delegated 


eedures for carrying out the function of con- 


serving one highly important segment of the 


Nation’s human resourees—highly trained 
scientific and specialized personnel. The 
charter of agreement between the United 


States Civil Service Commission and the Na- 
tional Resources Planning Board concerning 
the setting up of the Roster was approved by 
the President of the United States. 

In creating the War Manpower Commis- 
sion on April 18, 1942, President Roosevelt 
stated in his Executive Order that the funce- 
tion of administering the National Roster 
should be transferred to that Commission. 
In Section 6 of his Order, the President di- 
rected that the National Roster should be 
preserved as an ‘‘organizational entity’’ 
within the War Manpower Commission. 
Since December 1942, the Roster has been 
an integral part of the War Manpower Com- 
mission’s Bureau of Placement. 

The primary function of the Roster is to 
provide for the most effective utilization of 
this country’s scientifically and profession- 
ally trained citizens in the war. Two pur- 
poses of equal importance predominate in 
the functioning of the Roster: first, the re- 
cruitment of skilled professional and scien- 
tifie individuals for the Army and Navy and 
all other war work; second, the best possible 
utilization and hence conservation of this 
reservoir of human resources. Through each 
changing phase in the nation’s mobilization, 
the Roster, in accomplishing its functions, 
has kept foremost its basic purpose of making 
a proper contact between the right profes- 
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sionally trained man or woman and the right 
war job. 

Fundamental plans of the Roster from its 
inception have been to secure as nearly com- 
plete registration as possible of all highly or 
specially trained individuals in the United 
States in professional and scientific fields 
which are critical or significant because of 
war needs. During the three years of its or- 
ganizational existence, the Roster has devel- 
oped an analytical punch-card record of the 
locations, qualifications, and special skills of 
more than a half million of the Nation’s sci- 
entists and professional men and women. 
As of July 1, 1943, the Roster had in its files 
data on the qualifications of 597,666 men and 
women who were distributed among 61 pro- 
fessional fields. Of this number 224,133 
were physicians, dentists, and veterinarians, 
who come under the jurisdiction of the Pro- 
curement and Assignment Service of the 
War Manpower Commission. The master 
punch-ecard index is so organized in the 
Roster office that any individual combination 
of skills or abilities required for particular 
war needs can be selected quickly and accu- 
rately. This selection process is accom- 
plished by the use of electric card sorting 
procedures. 

The Roster has well established procedures 
for maintaining on a current basis informa- 
tion on registrants, particularly those in the 
eritical fields. This is accomplished by peri- 
odie recircularization of Roster registrants 
with a brief supplemental questionnaire. 

As an illustration of some requests made 
of the Roster for unusually qualified persons, 
I recall an order placed by the War Depart- 
ment requesting ‘‘the names of Americans 
who possess a knowledge of epidemiology 
and chemotherapy, are competent in the diag- 
nosis and control of Endamoeba histolytica 
and other protozoan infections, have a knowl- 
edge of the Hindustani language, are skilled 
in the operation and use of specialized bac- 
teriological research apparatus, and have 
traveled in the tropies.’’ An epidemic had 
broken out in a tropical island where the 
United States was building a new air base. 
The germ carriers were thought to be trans- 
planted Hindus. An hour after the request 


was received, the name of an available and 
qualified person was provided, and before the 


THE SCIENTIFIC MONTHLY 


day was out he was on an Army clip) 
ing to report for duty. Of course, sye 
plex and dramatic requests are not a) 
day occurrence, but many such have } 
received and they have been filled. 

At the beginning of its fourth year ; 
Roster found its task decreasingly | 
actively concerned with the recruit) 
personnel, and increasingly employed ; 
tempting to secure the effective real] 
of highly trained scientific workers f) 
essential to more essential war activiti 
the fields of critical personnel short 
time has passed when individuals ¢: 
move or be shifted haphazardly fro: 
position to another without harming ; 
tivity which is nationally important. A 
nificant function of the Roster is to | 
pate in effecting such transfers wit 
purpose of advancing the war effo: 
should be emphasized in this connectio 
another important function of the Roster 
its consideration of the proper allocati 


professional and scientific personnel, is t 


assist the Army and Navy in securing s 
personnel to fill technical posts, and at + 
same time to maintain a sufficient num! 
such experts in really essential civilian y 
jobs. 


In order to perform its functions, the Ros- 


ter is organized in three principal sect 
First and foremost is what we call the ] 
fessional Placement and Evaluation Sect 
which is concerned with the analysis 
evaluation of requests for personnel. 
Section also concerns itself with job an 

and the evaluation of all qualifications 
available professional workers to meet 

specific war job requests that are rece! 


before certifying selected lists to prospective 


employers. 

Requests for scientific and specialize: 
sonnel are received by the Profess! 
Placement and Evaluation Section of 
Roster from Government agencies, ed 


} 
j 
A 


tional institutions, private industry, and the 


Army and Navy. The determinations 


the Roster must make as to who shall be cer- 
tified in connection with each such request 


require the consideration of many impor- 
The first, of course, is the quai- 


tant factors. 


} 
{ 


ity and extent of the experience and educa- 
In addition, and this 


tion of the registrant. 
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=< important, the present employment of the 
- dividual is taken into consideration to de- 


tormine whether he is now filling a position 


which is also vital to the war effort. If he is 
serving in a position essential to the coun- 


ry’s war effort, as defined by the War Man- 
nower Commission, he will not be certified 
unless it is determined that he will be more 
valuable in this new position than in his pres- 
nt one. This determination must be made 
before an individual’s name is certified for 


another position. As one example, there 


. 


Rubber Company, which had been holding 
up operations of a cartridge manufacturing 
nlant in Des Moines, Iowa, because of its im- 
perative need for a top-notch brass metal- 
lurgist it had been unable to locate. The 
Roster located a number of persons possess- 
ing the necessary qualifications and deter- 
mined which of the several plants in which 
these persons were employed was in the best 
position to release one of these men. In this 
ease the plant in question was queried and a 
friendly release secured for the needed man. 
Another example would be the case of 
Vought-Sikorsky in Connecticut, which 
sought a highly specialized metallurgist to 
head a new testing laboratory found to be 
essential to the efficient operation of the 
plant. Again, through the Roster’s resources 
a highly qualified individual was located and 
made available, although he was at the time 
employed in an essential activity. Similarly, 
the Roster has been called upon to make 
available highly specialized personnel in the 
engineering and chemical professions for as- 
signment to Government positions in North 
Africa as well as to perform secret research 
work of great importance in connection with 
battlefront problems which require imme- 
diate solution. Once again, the personnel 
provided were already engaged in essential 
activities. 

For all jobs in the Federal civil service, 
certification is made through the United 
States Civil Service Commission. For jobs 
in industrial establishments, certification is 
made through the local United States Em- 
ployment Service office. This cooperative 
procedure is set forth formally in a United 
States Employment Service Operations Bul- 
letin. In addition to the above procedures, 
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local U.S.E.S. offices transmit to the Roster 
the names of professional applicants. The 
Roster certifies directly to colleges and uni- 
In the 


> 1 l > + , 
ease of the armed forces, the Roster often as- 


versities and to the Army and Navy. 


sists in locating qualified and available per- 
sons, who are offered commissions. In this 
function the Roster acts for engineering and 
the sciences in a manner comparable in many 
respects to the Procurement and Assignment 
Service for Physicians, Dentists, and Veteri- 
narians of the War Manpower Commission. 
To date, the National Roster certified 
over 140,000 names of specialists to various 
agencies engaged in the war effort, including 
requests from the Army and the Navy for 


has 


specialists to be made commissioned officers. 
More than 10,000 individuals have been di- 
rectly offered commissions in the Army and 
Navy from the Roster’s rolls. In all such 
eases the Roster has judged that the indi- 
vidual in question could use his highest skill 
in the armed services for the work specified. 
It is important to point out that Roster 
like Civil Service 
highly qualified 


lists are not registers. 
Thousands of 
personnel who registered with us have never 
been for We once 
brought out five men who were listed as hay- 
We have 
on the Roster many men who are not hunting 
for a Government job or for a job transfer. 
We have tried to create a different point of 
view. We wanted a complete registration. 
So the Roster lists are not to thought of as 
being the same as the Civil Service lists of in- 
dividuals who are willing to take jobs. The 
Roster convinced many of the people on its 
lists that, due to the national need, the indi- 
vidual should take a new war job. We have 
many, many examples of men who have, I 
think, without any indirect thought of profit, 
one- 


specialized 


seekers employment. 


ing salaries of $200,000 or more. 


taken jobs at one-half or sometimes 
fourth of the salary that they have been se- 
curing, and I believe they have done so 
purely out of desire to do a patriotie job in 
this period of great national crisis. 

In order to make the day-in-and-day-out 
operations of placement in the Roster ef- 
fective and appropriate to the current and 
ever-changing national manpower picture in 
the professions, it has been found necessary 
to buttress the placement service of our office 
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with two other special office sections. The 
first of these is the Professional Surveys Sec- 
tion, which was established in the office of the 
Roster in order to provide accurate informa- 
tion concerning supply and demand in the 
professions. It was organized to carry on 
the work initiated in the Roster by a volun- 
teer Committee on Wartime Requirements 
for Specialized Personnel set up in the win- 
ter of 1942 under the able administration of 
Mr. Owen D. Young. Through its Profes- 
sional Surveys Section the Roster assembles 
available data with respect to existing pools, 
potential supply, and prospective require- 
ments for scientific and specialized personnel 
in each field of crucial war service. The 
Section also attempts to relate supply and 
demand figures to the rate of production 
in colleges, universities, and technical schools 
and, through timely surveys, to appraise the 
sapacity of educational institutions to train 
additional persons in fields in which short- 
ages exist. The Section maintains liaison 
with the Professional and Technical Train- 
ing Division of the War Manpower Commis- 
sion, the educational world directly, and with 
such agencies as the United States Office of 
Education, the American Council on Educa- 
tion, the Advisory Board of the Engineering, 
Science, and Management War Training 
course program, the Joint Army-Navy Com- 
mittee for the Selection of Non-Federal Edu- 
cational Institutions, and the national offices 
of the specialized engineering and other fields 
represented by the Roster. 

As a fact-finding service, the Professional 
Surveys Section is designed to assemble con- 
tinuously data on the needs of the Army, the 
Navy, war industry, war research, education, 
and National, State, and local governments 
for trained individuals in the professions, 
sciences, and other specialized fields, and to 
estimate in quantitative terms the probable 
total needs for such men in each field. 

As an advisory service regarding training 
programs, this Section, on the basis of facts 
already secured and to be secured through 
continuing studies by its fact-finding service, 
makes available information to those agen- 
cies primarily concerned with training pro- 
grams, as well as to colleges, universities, and 
technical schools. Thus far, this Section has 
prepared reports for general dissemination 


on the personnel situations in physics 
engineering and it is now engaged in pre 
ing similar reports in chemistry, 5 
mathematics, and the agricultural and } 
logical sciences. These reports are pro 
the most detailed and factual studies of 
fessional employment ever assembled 
America. 

The Professional Surveys Section is ore 
ized so as to separate into appropriately des 
ignated units the responsibilities for surye 
ing the situations in the areas of industy 
government, including the military, and 
cational institutions. The information dp 
veloped by these units is coordinated 
interpreted in the form of reports, analys 
and summary statements. From the f 
the policy with respect to surveys 
to utilize whenever possible the fact-gat] 
ing facilities of other agencies. Thus, las: 
fall the Civil Service Commission conduet 
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for the Roster a special survey of the emp 
ment and need situation in the Federal Gov. 
ernment. The United States Employn 
Service conducted in March of this year, 
conjunction with its regular bi-monthly lal 
market survey, a special survey of the situa- 
tion in selected professional fields in ind 
try. Asa result of this study we have b 
able to assemble facts concerning the needs 
for engineers and scientists in 15,000 of t! 
leading industrial organizations of the ce 
try. The data provided by these surveys 
have been of great assistance in evaluating 
the overall situations in the professions. D 
to recent unsettled conditions relating 
budget and employment in the Federal Go 
ernment, we have not yet planned the coi 
duct of a new comprehensive survey of Fed- 
eral agencies, but instead, by direct liaison 
with departments and agencies, have accu- 
mulated current data in those fields in whic! 
such additional information has been neces- 
sary. 

In the spring of 1942 a number of pro- 
posals were made concerning the wartim 
utilization of our colleges and universities 
for the training of additional supplies o! 
personnel in critical war areas. Because of 
specific recommendations for subsidizing 
professional training, other Bureaus of 1! 
Government were vitally interested in the 
development in the Roster office of a section 
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would continuously assemble data on 


that 
the human and physical resources of the col- 
jeves, which would indicate the training po- 


tentiality of higher education for specialized 
war service. This interest provided the 
principal impetus for the Roster’s undertak- 

+a series of surveys of the situation in the 


mé 
I 


) 
Lil 


departments of mathematics and physics 
and the schools of engineering in the sum- 
mer and fall of 1942. In the early winter of 
1942, the Joint Committee of the Army, 
Navy, and War Manpower Commission on 
the ‘Selection of Non-Federal Educational 
Institutions requested the Roster to under- 
take a general survey by separate fields of 
the faculty, students, and physical facilities 
of our colleges and universities. This survey 
was also directed at acquiring data on over- 
all plant capacity, such as maximum housing 
and eating facilities. The data acquired 
from these four surveys concerning some 
1,800 institutions have served as the basic 
information used in the selection of institu- 
tions and assignment of tentative quotas in 
the Armed Forces’ training programs. 

We now have under way a series of sur- 
veys of the current situation in several col- 
lege departments and schools. These are the 
departments of physics, mathematics, chem- 
istry, geology and geophysics, and the engi- 
neering and agricultural schools. All of 
these schedules have been worked out with 
the assistance and cooperation of interested 
and affected agencies. For example, those 
on physics, mathematics, and engineering 
are not only ealeulated to provide current 
data (which will provide a measure of the 
effectiveness of the Selective Service student 
training bulletin, identified as Activity and 
Occupational Bulletin No. 33-6) but also to 
provide special information needed by the 
Armed Forces in the further development 
and extension of their student training pro- 
grams. 

With few exceptions, the findings of the 
Roster relating to the critical situation in 
separate professional fields have been 
adopted by the Essential Activities Commit- 
tee and recently promulgated by the Com- 
mission as Part II of the National List of 
Critical Occupations. In general, therefore, 
the current problems in the professional 
fields have to do with strengthening mea- 
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sures and procedures directed at securing 
the best possible utilization of supplies now 
available for placement, and in appraising 
and re-appraising the effectiveness of mea- 
sures designed to increase such supplies dur- 
ing the war. The present personnel situa- 
tions in the professions do, however, vary a 
great deal from field to field. For example, 
in such fields as engineering and physies the 
shortages of over a year ago have been inten- 
sified in spite of the large emphasis they have 
been given in wartime training 
The critical situation is largely due to the 


extraordinarily heavy demands made by the 


programs. 


military and civilian government at the same 
time that requirements of war industry were 
increasing so rapidly. 

In another field—geology—the personnel 
situation at the beginning of 1942 was one 
of reasonable balance between supply and 
demand, with some reservoirs not completely 
exploited for war purposes and, therefore, 
the profession was not generally treated as 
a shortage group. As the result, however, of 
the lack of any general provision for occu- 
pational deferment, a relatively large per- 
centage of the numbers in this group entered 
the armed services and new supplies from 
the colleges have all but disappeared. <A 
eurrent study of the situation in this field, 
soon to be released by the Roster, will show 
that the situation now has become one of 
additional need which satisfied 
because the supplies are no longer in exis- 
tence. Thus, it appears that even though 
geology has now been included on the ecriti- 
eal occupation list, it will be necessary to 
take positive steps to see that additional sup- 
plies are made available in this field during 
the war. Geologists are using their profes- 
sional skills in the Army and are also en- 
gaged in special explorations in connection 
with the discovery of new sources of water, 


cannot be 


petroleum, and strategic minerals in this 
country and in countries now oceupied by 
our troops abroad or cooperating with the 
United Nations. 

It is always important to assist the Army 
and Navy, war industry, and the agencies 
concerned with the welfare of the nation in 
order to make a proper distribution of its 
technically trained manpower. For nearly 
two years the personnel situation in the pro- 
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fessions and sciences has been emphasized to 
local Selective Service boards by the National 
Roster. Occupational Bulletin No. 10, con- 
taining the first list of critical professional 
occupations, was issued in June 1942. This 
list was issued by the Selective Service Sys- 
tem upon certification by the National Roster. 
Even prior to this date, however, the Na- 
tional Roster, through its Military Advisory 
Section, had been providing assistance to 
local boards in certifying as to the profes- 
sional qualifications and essentiality of work 
of Selective Service registrants in Roster 
areas. This was a special procedure placed 
in operation, in the fall of 1941, with the 
express approval of General Hershey, and 
the certifications made by the Roster are 
written on the stationery of the National 
Headquarters of the Selective Service Sys- 
tem and bear the signature of General 
Hershey. Because of this relatively long his- 
tory we are informed that many local boards 
understand and have confidence in the Na- 
tional Roster and regard it essentially as a 
central placement and assignment agency in 
the professions. 

The number of occupational deferments in 
the fields with which the Roster deals is rela- 
tively large in relation to the total number of 
outstanding occupational deferments, even 
though the total number of personnel in the 
critical professional occupations still in civil- 
ian activity amounts to less than one per- 
cent of the total civilian working popula- 
tion. As a result of their considerable expe- 
rience in dealing with registrants claiming 
professional qualifications, the local boards 
are now in a position to make relatively accu- 
rate determinations concerning occupational 
status in a majority of cases of registrants in 
professional fields. 

There has recently been established in the 
National Roster a Professional Allocations 
Section staffed with employees possessing 
outstanding qualifications in important pro- 
fessional and scientific fields. Attached to 


this section also are advisory committees in 
physics, mathematics, chemistry, and engi- 
neering, the members of which serve as con- 
sultants to the National Roster in helping 
to determine policies and procedures and in 
acting on individual cases of a borderline 
nature with respect to Selective Service 
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status, placement, and overall utiliza:;,, 
problems. There has been Ve 
identified with the Roster a Committe. 
Scientific Research Personnel, created 
Governor McNutt on March 22, 1943 
Committee is composed of a high-ra 
representative from the Army, the Navy ; 
National Advisory Committee for Aeronay, 
ties, the Office of Scientific Research ay 
Development, and the Office of Product 
Research and Development of the War Py. 
duction Board; it reports directly 
ernor McNutt and acts on individual , 
of scientific and professional personnel ep. 
gaged in war research designed to develgy 
or improve weapons of war. 

At present the National Roster has advise; 
the local Selective Service boards concerning 
approximately 15,000 individuals revistere 
with the Roster. The Roster has also { 
nished special advice to the Office of 
Adjutant General, War Department, 
cerning approximately 6,700 Roster reg 
trants who have been inducted into the Army 
of the United States. The War Department 
has requested the Roster to provide this in. 
formation so it can be considered in deter. 
mining the best utilization to be made of th: 
inductee in the armed forces. In total re- 
sult, these procedures perform in the United 
States the same function which is performed 
in England by procedures which provide for 
the reservation of certain scientists for war 
work. 

The Roster recognizes that probably th: 
most important function of scientifically and 
technically trained men in the war is 
direct service with the armed forces of t! 
nation. It is clear that modern warfare re- 
quires for its successful accomplishment 
specialists who have the same sort of basi 
intellectual abilities that have made them the 
good peacetime chemists, biologists, and civil 
engineers. Thus, in thinking about the 
proper utilization of technically trained men 
in America, the Roster has emphasized over 
and over again that care must be exercised 
to avoid two common fallacies. The first is 
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that professional men must not think that ® 


they can serve the country at war only ina 
civilian capacity. Second, they also must not 
believe that if called into the Army or Nav) 
they must necessarily serve only in the field 
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which they have been professionally 


f 

trained. The Roster knows that the general 
needs of the armed services are such that 
men of high ability, particularly those with 
the sort of brains that have made them good 


lents in science and mathematics, must 
be secured from the general population. 
Such good brains in young bodies must then 
be trained for a multitude of special jobs in 
the arnied forces which require such ability 
but have no full counterpart in civil :ife. 
While no final and absolute machinery for 
the allocation of professional workers to 
necessary wartime jobs has yet been devel- 
oped, and, of course, no authority to make 
mandatory assignment has yet been granted, 
it can be anticipated that at least a process 
of more active allocation of individuals will 
now be developed in the professional fields 
contained in the List of Critical Occupa- 
tions. The Professional Surveys Section’s 
continuing factual estimates of personnel 
supply and demand, its survey of educa- 
tional and training agencies, and the Roster’s 
perpetual inventory of the location and 
qualifications of all such personnel will be 
of basic importance to any such program. 
In the prosecution of modern warfare, it 
is obvious that victory will be achieved only 
by the adoption of appropriate measures to 
ake proper contact between the right man 
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and the right job, either in the combat ser- 
vices or out. The National Roster of Scien- 
tific and Specialized Personnel was conceived 
to meet this problem at the high professional 
and scientific levels. 

After victory, in the period of demobiliza- 
tion and the development of a new peacetime 
economy in America, the Roster will still 
have an important national service to per- 
form. 
service personnel, both the Army and Navy 
have adopted a numerical system which is 
largely based upon the punch-eard code de- 
veloped by the National Roster in dealing 
with these same areas of specialization. The 
new skills gained by scientists in the Army 
and Navy may also be catalogued in connec- 
tion with the previous peacetime abilities of 
the same individual. This new listing of the 
abilities of America’s highly trained ve‘er.- 
ans can most effectively, therefore, t 
part of the complete records of the Res:er. 
The increasingly close relationship between 
the Roster and the local offices of the United 
States Employment Service, and between the 
Roster and the great industrial and eduea- 
tional employers of professional personnel 
will facilitate the effective utilization of its 
records and experience in making effective 
and factual the gigantic post-war placement 
of America’s highly trained personnel. 


In eataloguing the civilian skills of 





WHENCE THE HEAT OF SUN AND STARS? 


By WILLIAM T. SKILLING 


INVESTIGATIONS of the heat of the sun and 
stars begin at home, on the earth. The first 
step is to determine how much radiant energy 
is received by the earth from the sun. After 
making allowance for the part absorbed in 
the earth’s atmosphere, scientists have found 
that a square centimeter at the surface of the 
earth and perpendicular to the sun’s rays 
receives about two calories per minute. 
Changing from the units of science to those 
of everyday life, it is found that the earth 
receives energy from the sun at the rate of 
about one and one-half horsepower per 
square yard, or about 230 million million 
horse power on the whole earth. Even this 
incomprehensibly large total is only a small 
fraction of the energy the sun radiates, for 
the earth as seen from the sun would appear 
smaller than Venus does from the earth when 
it is an evening star. The sun actually radi- 
ates more energy in a second than the earth 
receives from it in sixty years. 


I 

Ever since primitive man began to cook 
his food and warm his caves, fire has played 
an important and interesting role in human 
life. One can seareely be surprised at the 
development of fire-worship among the an- 
cient Persians and many other peoples. 
When prehistoric man began to try to dis- 
cover the reasons for the things in his en- 
vironment, fire and its accompanying heat 
must have been near the top of the list of 
his problems to be solved. Within historic 
times the ancient Greeks considered fire as 
one of the four ‘‘elements,’’ as they called 
them, out of which the world was made— 
earth, air, fire, and water. 

Early philosophers thought of heat as a 
sort of fluid substance, much as they looked 
upon electricity as composed of two fluids, 
positive and negative. Later they called the 
heat fluid ‘‘ealoric’’ and thought it existed 
in all substances, flowing out when they were 
hot. Not until about the time of the Revolu- 
tionary War was this idea succeeded by the 
energy theory. Count Rumford was one day 
watching men boring a cannon and noticed 


148 


that the amount of the heat of friction s 
to be in direct proportion to the am 
energy the men expended. When th 
mechanical energy into the brass, heat 
out of it. He and other contemporary ¢ 
tists developed from this observational bes 
ning the present theory of the equivale 
of energy and heat, and measured the ay 
of each that is equal to the other. 

There are many kinds of energy bes 
mechanical (used in the boring of can 
There is chemical energy in the fuel that » 
duces heat in burning; electrical energy 
is changed to heat and light in the lamp 
ment; and subatomie energy that is chang 
slowly to heat in radioactive elements. 

Chemical energy is liberated in the for 
of heat when two or more atoms unite to fo 
acompound. Burning usually consists in t 
uniting of oxygen with either hydrogen 
carbon. Sometimes the hydrogen and car! 
of the fuel are already united with other ¢l 
ments or with each other, as in wood a 
petroleum oils. Coal and charcoal are mai! 
earbon. If the atoms of fuel are chemical 
joined into compounds, the compounds a: 
first broken down by the heat and then th 
hydrogen and carbon unite with the oxyge 
of the air to form water vapor and car! 
dioxide. It is in the forming of these cor 
pounds that heat is evolved. A gram of hy 
drogen, when burned, gives 34,000 calories 
of heat, and a gram of carbon only about 
8,000 calories. This is why petroleum oils 
used as fuels give more heat than coal does 
weight for weight. 





II ’ 
That fire or any sort of chemical action 
would be wholly inadequate as a source 
the heat the sun radiates can be shown fro! 
the data given above. A sun made of coal 
mixed with enough oxygen to burn it could 
not have lasted even since the beginning 0! } 
the Christian Era—about 1600 years would 
have been its limit with the present rate 0! 
radiation. When hydrogen unites chemically 
with oxygen (burns), it produces more heat 
than is produced by the burning of an equal 
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«eight of any other fuel, but if the sun were 
composed of hydrogen, together with enough 
oxygen to make combustion complete, the 
he at venerated by this best fuel would be less 
than the sun radiates in 2700 years. Another 
objection to the theory that hydrogen has 
heen the sun’s fuel is that all the 2700 years’ 
supply of heat would have been generated in 
one instantaneous explosion! 

The first explanation seriously considered 
hy scientists as to a possible source of the 
cun’s heat was offered by Helmholtz nearly 
a century ago. He explained that if the sun 
was once a great mass of gas extending out 
very far into space around its present posi- 
tion, the compression of the gases as they 
fell in toward the sun’s center would produce 
heat. He computed on the basis of sound 
physical principles that in this way the sun 
could have been kept going for some 25 mil- 
lion years at its present rate of heat output. 

3y the early part of this century geologists 
had found evidence that the earth, and there- 
fore the sun, are both much older than they 
had supposed, so much older that the Helm- 
holtz contraction theory cannot account for 
enough heat. It has been at least 1500 mil- 
lion years since the earliest rocks of the earth 
began to form, and at least 500 million years 
since low forms of life began to exist on 
earth. During this long period the sun must 
have been giving out approximately the 
amount it radiates at present, for living or- 
ganisms cannot exist and reproduce them- 
selves far outside of the temperature range 
of from 60° below zero Fahrenheit to 140° 
above, a difference of only 200 degrees. Since 
the temperature of the sun, even in its ex- 
terior layers, is approximately 10,000°, a 
very slight percentage variation in its tem- 
perature would throw the temperature of the 
surface of the earth outside the limits within 
which life can exist. 

Radioactivity, the very phenomenon that 
indicated most clearly the great age of the 
earth, seemed for a time to offer a suggestion 
as to a possible source of its heat. But 
further consideration showed that, although 
the elements that are radioactive, such as 
uranium and radium, do give off heat con- 
stantly and uranium would continue to do so 
for a sufficient length of time, the sun would 
need to be made entirely of it in order to 
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account for the sun’s rapid rate of radiation. 
The spectroscope shows, however, that the 
sun is composed of hydrogen, helium, ecaleium 
elements in great 


other lehter 


Consequently it is necessary to 


and 
abundance. 
eonclude that the continuing supply of the 
uranium or 


many 


sun’s heat is not derived from 
radium. 
Il] 
At about the beginning of this 
scientists began to explore the interior of the 
atom itself. They found it 


nucleus around 


century 


to consist of a 
lighter par- 
ticles which they named ‘‘electrons.’ The 
atoms of all substances are 


iron, 


which revolve 
eleetrons of the 
whether of hydrogen, earbon, 
ement, but the number 


alike, 
gold, or any other e! 
and their 

] 


one element 


of electrons distributions vary 


from the atoms of to those of 
another. 

The nucleus is the most important part of 
the atom, for it can lose several or even all 
of its electrons (become ionized) and still be 
an atom of the element. Presently, 
however, it will capture its normal number 


same 


of electrons and return to its un-ionized state. 
But if the nucleus, the part that gives the 
atom nearly all of its weight, loses or gains 
something, it becomes a different element. It 
elements that 
up, 
lor example, 


is the nucleus in radioactive 
though 


sometimes in successive steps. 


spontaneously, slowly, breaks 
out of uranium atoms there emerges, step by 
step, a series of lighter atoms—radium, lead, 
and helium. 

The nucleus of an atom is composed of two 
kinds of particles and neutrons. 
One proton forms the whole of the nucleus 
To say that a proton 


protons 


of a hydrogen atom. 
is the nucleus of a hydrogen atom is sufficient 
definition of it. It therefore weighs almost 
the same as an atom of hydrogen, for there 
is nothing else in an atom of hydrogen except 
one electron, and protons are about 1840 
times as heavy as electrons. 

The nuclei of other atoms are made up of 
several protons and about an equal number 
of particles called ‘‘neutrons,’’ almost equal 
in weight (mass) to a proton, but neutral 
electrically; hence the name neutron. Pro- 
tons are charged with positive electricity, and 
electrons have an equal charge of negative 


electricity. Normally there are as many elec- 
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trons as protons. This results in the atom as 
a whole being neutral except when it has lost 
one or more electrons. 

Protons and neutrons are held together in 
the nucleus with a foree that may be com- 
pared with that which holds atoms together 
in a chemical compound, but the force unit- 
ing the protons and neutrons in an atom is 
vastly greater than that uniting the atoms of 
a molecule. Therefore the nucleus is much 
harder to break up than a compound. Even 
the most strongly held compounds can be 
broken into atoms by sufficient heat, but it 
has not been possible to produce a tempera- 
ture high enough to break up the nuclei of 
atoms. However, in the sun, deep down 
toward its center, where, according to Ed- 
dington’s theory, the temperature must be 
near 40,000,000 degrees Fahrenheit, the 
energy of motion of the moving particles is 
sufficient to break up other particles which 
they strike. The speed of atoms at such tem- 
peratures is around 500 miles a second, a 
velocity at which their kinetic energy is suffi- 
cient to break apart protons and neutrons of 
several of the lighter atoms, permitting them 
to rearrange themselves in a different way, 
that is, to form different atoms. 

Thus at the center of the sun, elements are 
changed into other elements, a thing that the 
ancient alchemists tried in vain to do, and 
that chemists could not do until the year 
1919 when Lord Rutherford succeeded in 
changing a few atoms of nitrogen into atoms 
of oxygen. He and other scientists who have 
transformed atoms have used electrical and 
electromagnetic means of giving to the bom- 
barding particles the necessary high veloci- 
ties. In the laboratory, velocities many 
times as great as those caused by the high 
temperatures within the sun and stars can 
be produced, but the experimenter can work 
with only a small number of atoms, while in 
the sun practically all the particles have high 
enough velocity to give them high energies. 
In the cyclotron (the atom smashing machine 
of E. O. Lawrence) only one-tenth of a milli- 
gram of protons passes through the machine 
in a day’s work. 


IV 


H. A. Bethe, of Cornell University, has 
shown, by basing his argument on laboratory 


experiments and well-established theoy, 
the five elements—hydrogen, helium. ¢ 
nitrogen, and oxygen—are capable. 
conditions existing in the sun, of furn; 
all the heat the sun gives off. He exp), 
an interesting series of atomic changes ay 
these elements that are possible under +), 
influence of the intense bombardment 0} 
atom by another caused by the tempera: 
of 40,000,000 degrees. He ean ealeulate 
much heat is liberated by these changes f) 
one atom to another. The final result 
various steps in changing from one « 

to another is that hydrogen is gradual! 
up and helium is gradually produced, 
atoms of hydrogen are built up by : 
direct process into one atom of helium. 
atomic change that liberates immense quanti. 
ties of heat. The net result of the chane 
from hydrogen into helium is that 19,000, 
times as much heat is produced as wou 
liberated by burning an amount of coal e 

in weight to the weight of the hydrogen us 
in the process. 

The step-by-step changes, known as t! 
earbon cycle, by which the hydrogen becomes 
transformed into helium are, briefly, as { 
lows: 

(1) The nucleus of a hydrogen atom cw 
lides with the nucleus of a carbon atom and 
becomes absorbed in it, changing it to th: 
nucleus of an unusual form of nitrogen 
isotope). Written in symbols the action t 
takes place is shown thus: 

Ci? + H?=N*5+y. 

The figures attached to the letters as ex 
ponents indicate the number of protons and 
neutrons in the atom, and therefore the ap- 
proximate atomic weight. (Fourteen is th 
number of protons in the usual kind of nitro- 
gen.) The Greek letter gamma means that a 
gamma ray (one of very short wavelength 
is given off in the process. 

(2) The N** nucleus produced by the 
above action is a short-lived radioactive ele- 
ment and quickly gives off an electron, which 
changes it into a carbon nucleus, the isotope 
C with only 13 protons and neutrons: 

N}3 _ C13 £. et. 
The Greek letter epsilon indicates an elec: 
tron, and the plus sign shows that it is the 
very unusual variety of electron that is posi- 
tively charged. 
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3) This carbon atom, though not of the 

inary kind, is a stable element and lasts 

B otil t is hit by a hydrogen nucleus. Then 

F.. absorbs the H atom and becomes a nucleus 

the ordinary nitrogen atom and gives off a 

‘ond gamma ray, according to the formula: 
¢33 1 H? - N}4 re y: 

4) This newly made atom of nitrogen is 
truck by another hydrogen nucleus which 
it at once absorbs to make an atom of an iso- 
tone of oxygen. The surplus energy is given 
# as another gamma ray with the following 












N?4 j H} _ 15 - y: 

5) The above isotope of oxygen O* is so 
ynstable that it lasts but two minutes, on the 
average, When it gives off another positive 
electron and changes into an atom of nitro- 
ven, the stable isotope N* as follows: 

Ov _ N4 a et, 

6) Though stable this atom of nitrogen 
is broken up by being struck by another pro- 
ton (hydrogen nucleus). This time the pro- 

n is not simply absorbed but the 15 parts, 
protons and neutrons, of the nitrogen nu- 
cleus, and the one proton of hydrogen fall 
together in the form of two nuclei, those of 
the ordinary carbon atom and of the helium 





8 A= 08s Het 

This ends the series because helium is an 
atom so firmly held together that it success- 
fully resists all the bombardment that is 
brought against it by the flying protons, even 
at a temperature of 40,000,000°. 

The hydrogen that has taken part in this 
series of changes has disappeared as such, but 
has reappeared in the form of helium. Four 
atoms of hydrogen have united (indirectly) 
to form one atom of helium. The only other 
atoms which have taken any part have been 
carbon and the atoms of nitrogen and oxygen 
into which the carbon has been transformed 
during the changes. These atoms of nitrogen 
and oxygen change back into the original 
carbon atom at last, so that the final result 
is Just as much carbon as at the beginning, 
and one new element, helium. The only 
thing destroyed is hydrogen, and the only 
thing made that lasted is helium. 

The significant change that concerns us is 
that the helium made from the hydrogen 
weighs less than the hydrogen did. This dif- 


WHENCE THE HEAT OF SUN AND STARS? 151 






ference in amount of matter that does not re- 


appear in the form of an equal amount of 
some other kind of matter must still exist as 
energy. 

Before we can know how much energy has 
been liberated in these changes we must know 
how much of a loss of matter there has been. 
The four atoms of hydrogen from which 
the one atom of helium was made weighed 
4.03252 ‘‘mass units’’: the helium resulting 
weighs only 4.00386. The difference, which 
is seven tenths of one percent of the original 
mass, shows how much matter has been 
changed into energy. 

Science owes to Einstein the discovery of 
an equation expressing the relationship be- 
tween matter and energy. It is a part of his 
theory of relativity. By substituting the 
value of the lost mass (weight) in the follow- 
ing equation the energy equal to the mass can 
be computed: 

EK =m x ¢?, 

where E is energy (in ergs), m is the mass 
lost (in grams), and ¢ is the velocity of light 
in centimeters per second (3x10'°). Inei- 
dentally, the equation would be true even if 
mass in pounds or any other unit were used, 
and velocity in miles per second, but this 
would give energy in a different unit. 

The net result of the carbon eyele is that 
four atoms of hydrogen, atomic weight 
1.00813 each, are changed to one atom of 
helium, atomic weight 4.00386. Therefore, 
for every gram of hydrogen so changed there 
has been a loss in weight of 0.007165 gram 
of matter. This mass substituted in the 
energy-mass equation shows that (after ergs 
have been changed to ealories) 15.4 x 10? 
ealories have been produced. Only 1/140 
of a gram of mass is lost in changing a gram 
of hydrogen into helium, and therefore only 
1/140 as much energy is produced as would 
be produced if protons could destroy elec- 
trons, as formerly was thought probable. 

V 

The number of calories of heat sent out 
from the sun can be computed from the 
known amount falling on the earth (nearly 
2 calories a minute on each square centimeter 
of cross-section at right angles to its rays). 
The result comes out 9 x 10”° calories per sec- 
ond as the total radiation from the sun. By 
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way of illustration, this is enough heat to 
melt a mass of ice equal in mass to the whole 
earth, to bring it to the boiling point, and to 
boil it all away in only thirteen and a quarter 
hours, provided only that all the heat could 
be concentrated upon the ice and be absorbed 
by it. 

To furnish such a stupendous amount of 
heat as the sun radiates, a great deal of its 
own substance must be used up by converting 
it into energy. This loss in weight that the 
sun must suffer in order to furnish as much 
heat as it radiates is 4,700,000 tons every 
second. 

It would appear at first thought that the 
sun would soon exhaust its resources and 
even that there should be nothing left of it, 
or at least of its supply of hydrogen, the 
part destroyed in the carbon cycle process. 
But the sun’s mass is so tremendous (332,000 
times that of the earth) and the heat equiva- 
lent of mass is so great that only one percent 


THE SCIENTIFIC MONTHLY 


of the sun would be used up in pr 
heat for a billion years. From spectros 
observations it gppears that about o1 
of the sun’s mass is hydrogen, or en 


continue the carbon cycle and the radia; 


of the sun at its present rate for over 3 
lion years more! 
What has been said of the evolutio; 


energy that maintains the sun’s radiat 


A 


be applied equally to the stars, or at leas; 


those that are most like the sun. Ther 


a class of stars called red giants that 
thought to be too cool at their centers to 
on the carbon eyele of changes. The g 
of their heat has not yet been explain 
stars belonging to what is called th: 
sequence,’’ although quite different in 
nal temperatures, are supposed to b 
enough within so that the violent acvitat 
of their atoms break up their nuclei, 


iS 


the sun, and provide the vast energies w! 


they radiate. 
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NEW LIGHT ON STELLAR SYSTEMS 


Dr. Edwin Hubble, of the Mount Wilson 
(Observatory, has announced a conclusion re- 
spectin 
cwers a question that has long been asked, 
and that lays the foundation for investi- 
eating the origin and evolution of these 
or at stellar systems. 

In the nineteenth century 
made enormous progress toward the solution 
of two problems that previously had been 
regarded as forever beyond the reach of sci- 
ence. They went far toward determining 
with the spectroscope the chemical composi- 
tion of the sun; and they measured approxi- 
mately the dimensions of the Milky Way sys- 
tem of Our Milky Way system, or 
calaxy, is composed of possibly one hundred 
billions of stars, many of which are similar 
to the sun, some of which are much larger 
and brighter and some of which are smaller 
and fainter. In shape, it is dise-like with a 
diameter from rim to rim of approximately 
the distance light travels in one hundred 
thousand years and with a thickness about 
one-seventh as great. The dimensions of the 
galaxy are not very well defined because it 
has no definite surface. 

As astonishing as were the facts about our 
galaxy when they were first established, they 
were only the prelude to the discovery of 
others incomparably more amazing. Astron- 
omers had long noticed small, faint patches 
of light in the night sky that they assumed 
were drifting wisps of nebulous matter, stray 
fragments of world-stuff that were left be- 
hind in the formation of the stars. Near the 
close of the past century, James E. Keeler, 
of the Lick Observatory, found with a new 
photographie telescope that these fragments 
of primordial matter, as they were assumed 
to be, are very much more numerous than 
had been supposed. Presently many of them 
were observed to be spiral structures hav- 
ing fairly well defined central masses from 
which two arms coiled spirally outward. 
Their large numbers and peculiar structures 
aroused curiosity and stimulated astrono- 
mers to investigate them. 

For twenty years the spiral nebulae, as 


astronomers 


stars. 
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they were called, were studied at the Mount 
Wilson, Lowell, and Lick observatories, and 
at other great observatories throughout the 
world, before their true nature began to be 
The idea that they are 
wandering 


clearly understood. 
little clouds of nebulous matter, 
among the stars, was so firmly fixed in the 
minds of astronomers that it was only with 
difficulty that they could come to realize that 
the masses in 


our galaxy, but systems similar to our own 


spiral nebulae are not small 
and far beyond its boundaries. 
Once the thought to be the 
major part of the physical universe, then it 
was the sun, and later our Milky Way Sys- 
At each stage the limits of the 
Only 


earth was 


tem of stars. 
imagination appeared to be reached. 
a generation ago this ultimate limit appeared 
to be our galaxy—a system of billions of soli- 
tary suns like our own, of uncounted num- 
bers of doubles, triples and higher multiples, 
of great, flight together 
through the immensity of space, of dense 


loose swarms in 
globular systems consisting of hundreds of 
thousands of Then the apparently 
little, faint nebulous primitive 
world-stuff, in a few years not long ago, were 


stars! 


wisps of 


proved to be great galaxies, in a general way 
somewhat similar to our own. 

How far away in space are the exterior 
galaxies and how many of them are known? 
There are only about a dozen so near that 
their light comes to us in less than a million 
years. The remainder are much more dis- 
tant, existing telescopes and photographie 
plates being able to record the larger ones 
at a distance of at least one hundred million 
light-years. Within this vast neighborhood 
of our own stellar system there are probably 
as many as a million other galaxies. 

Among the interesting questions that nat- 
urally arise is that of whether the galaxies 
are uniformly distributed through the space 
that has been explored. A few years ago 
Dr. Harlow Shapley, Director of the Har- 
vard College Observatory, found unmistak- 
able evidence that many of the known galax- 
les are grouped into clusters of galaxies, or 
supergalaxies, consisting of a dozen or two 
to more than a hundred galaxies. In fact, 





154 


our own galaxy appears to belong to a small 
group that may be part of a large, loose 
cloud of galaxies. 

Galaxies are clearly dynamical systems. 
The spirals maintain their particular shapes 
because of the motions of their parts, just 
as the planets do not fall into the sun be- 
cause of their orbital motions. The two arms 
of the spiral galaxies coiling outward from 
opposite sides of their nuclei should give a 
clue to what interior forces are in operation 
and what motions are taking place. Clearly 
under the laws of motion and the law of 
gravitation, matter cannot move along the 
arms of spirals, either inward or outward. 
Apparently the only reasonable conclusion is 
that the spirals are rotating in their plane, 
perhaps gradually contracting or expanding. 
The question of dynamical importance that 
promises to throw light ultimately on their 
origin and final end is whether they are 
rotating in the direction of the convex sides 
of their spiral arms so that they will be con- 
tinually more and more tightly wound, or 
whether they are rotating in the opposite 
direetion toward the concave sides of their 
arms so that they will gradually become un- 
wound and be scattered in space. 

It is easy to ask such a question, but very 
difficult to find the answer. Spiral galaxies 
are on such a vast scale and their interior 
motions are so slow that no perceptible 
change can be expected in their appearance 
in many thousands of years. But by in- 
genious, somewhat indirect methods V. M. 
Slipher, of the Lowell Observatory, a num- 
ber of years ago inferred that spiral galaxies 
rotate in such a direction that their arms 
continually become more and more tightly 
coiled. This is the conclusion that Dr. Hub- 
ble has just substantiated by more conclu- 
sive evidence in the case of each of fifteen 
spirals with no exception. 

What the consequences of this conclusion 
will be cannot be predicted at present. 
Whatever they may be, they will apply to 
our own Milky Way System of a hundred 
billion suns. In the light of what has been 


learned from exterior spiral galaxies, it has 
been found that the Milky Way System is 
itself a spiral, although from our location 
far in its interior we cannot determine in 
which direction its spiral arms coil. 


It has 
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been found, however, that at our distay.. 
from its center the period of its rotation 
of the order of one or two hundred | 
years. Astronomers are now face 

with the problem of determining the nary» 
of its dynamical evolution during billions 
years. 

As always, after excursions afar we wnde. 
stand things better at home; as always, afte 
shrinking before the vastness of the univye ; 
about us, we rise above our low-vaulted past 
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DDT, A NEW INSECTICIDE 

In the newspapers of January 2, 194 
there appeared an item on a new inerediey: 
of a powder adopted by the Army as o 
means of protecting soldiers against the 
noying attack of body lice and the diseases 
that may be transmitted by them. Onl; 
background of this development ean be given 
here; after the war the full story may 
told. 

The chemical control or poisoning of 
sect pests first attracted public attent 
after the Civil War, when it was shown that 
the potato bug (Colorado potato beetle 
not be picked off potato plants by farm ¢ 
dren but could be more completely and eas 
controlled by dusting the plants with 
arsenical pigment, called Paris green. 1 
be sure, the beetle and their pink grubs or 
larvae would have to eat a little of the | 
foliage in order to ingest the poison coating 
the leaves, but the leaf tissue so lost was 
insignificant compared with the total defoli- 
ation of plants that often occurred when t 





beetle was allowed to feed without hindrance 
The successful application of Paris green led 
to a search for other arsenical compounds 
that would be just as effective for killing 
plant-eating insects, but less likely to burn 
tender foliage. So Paris green was largely 
superseded by lead arsenate for caterpill: 
and by calcium arsenate for beetles, com- 
pounds that are still important ammunition 
in our fight against insects. The latest and 
most promising arsenical insecticide is bas 

copper arsenate. During the 1930’s inor- 
ganic fluorine compounds rose to a well es 
tablished position among stomach insect 
cides (substances that kill only those insects 
capable of swallowing them with their food 
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Now eryolite, a natural fluorine-containing 
neral from Greenland, stands ready to fill 
- caps in our defenses that may result 
‘rom shortage of arsenical insecticides, and 


n 


+ has preferred uses also. 

The insects that suck plant juices by in- 
rting their beaks into plant tissues or those 
at similarly suek animal blood cannot be 
jlled by covering the surface of the plant 


S 


r animal with a stomach insecticide because 
the insecticide does not enter the fluid im- 
bibed by the insects. Such insects may be 
jlled by contact insecticides ; that is, by sub- 
stances toxie to the insects upon contact with 
the surface of their bodies. One of the first 
‘ontact insecticides was an extract of tobacco, 
now used in the form of solutions of the 
active ingredient, nicotine or a salt of nico- 
tine. Kerosene emulsions and lime-sulfur 
solutions become popular for scale insect 
‘ontrol. In more recent years the ground 
flower heads of pyrethrum (a kind of daisy) 
and the ground roots of tropical woody 
plants called derris, cubé, or timbo, or ex- 
tracts of them containing their active in- 
eredients, have been employed as contact 
insecticides. They are highly desirable be- 
-ause, unlike inorganic insecticides, they are 
practically harmless to man, animals, and 
plants. 

The rise of the latter plant insecticides in 
the 20’s and 30’s followed closely upon the 
successful work of organic chemists in iso- 
lating, identifying, and determining the 
structural formulae of their active ingred- 
ients. It was hoped that these toxic com- 
pounds eould be synthesized commercially, 
thus making their production independent 
of foreign agricultural sources. Although 
that hope could not be realized, the chemical 
work done stimulated the synthetic prepara- 
tion of both known and previously unknown 
organie compounds for laboratory testing as 
stomach and contact insecticides. Not only 
tax-supported laboratories but also the re- 
search laboratories of the great chemical in- 
dustries set to work to synthesize compounds 
that might be useful as insecticides. More- 
over, surveys were made of the insecticidal 
potentialities of organic compounds that had 
been prepared or were being manufactured 
for other purposes. 

Although many of these synthetic organic 
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compounds were found to be highly toxie to 


them discarded for 
they injured plants or man 
and animals, they were too expensive, or they 


insects, most of were 


various reasons: 


did not stand up under conditions of prac- 
tical use. 

At the present time entomologists cannot 
point to a single thoroughly successful syn- 
thetic But 
gradually it became apparent that stomach 
insecticides are not necessary tor eontrolling 
that bite off and their 
In fact they, as well as sucking insects, 


organic stomach insecticide. 


all insects swallow 
food. 


may be killed by contact 


insecticides, not 
only by spraying or dusting the insects them- 
which 
the insects move and thereby killing them by 


selves, but by coating surfaces upon 


crawling contact with the insecticide. 
Fortunately the search for synthetic or- 
ganic contact insecticides has been more pro- 
ductive than that for similar stomach insecti- 
cides. Certain organic compounds charac- 
terized by long straight 
linked to a sulfur, 
group (thiocyanates) 


chains of atoms 


and nitrogen 


been 


carbon, 

have and are 
widely used contact insecticides. Other com- 
pounds of different structure have given re- 
sults of such promise that the hope of finding 
better compounds has never waned and the 
search foes on. 

Before the United States entered the war 
our well 
equipped to make and test promptly almost 
any organic compound. 
ing ahead so rapidly that it seemed that 
nothing of potential value could be over- 
looked. Yet in the fall of 1942 a Swiss com- 
pany through its United States subsidiary 
called the attention of the United States 
Department of Agriculture to an organic 


insecticide laboratories were 


The work was go- 


contact insecticide that was said to have been 
used effectively in Switzerland. The chem- 
ists of the Bureau of Entomology and Plant 
Quarantine identified it as dichlorodiphenyl- 
trichloroethane, which could be made from 
chlorobenzene and chloral hydrate (knock- 
oft drops). Later it was given the nickname 
DDT, the initial letters of parts of the long 
chemical This erystalline organie 
compound was sent to the testing labova- 
tories of the Bureau and to the Crop Pro- 
tection Institute. Astounding reports came 
back of its long-lasting effectiveness against 


name. 
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both insects affecting man and animals and 
those attacking crops. And it did not seem 
to hurt the plants or animals that were pro- 
tected by it, nor man who used it! The 
Army wanted it in large quantities for louse 
powder. Consequently every manufacturer 
of insecticides quickly became aware of it 
and research on its potentialities is proceed- 
ing furiously in all quarters. That it will 
solve all problems of chemical control of in- 
sects is to be doubted, but it seems safe to say 
that an insecticide star has been born. 


F.L.C. 


ANTIQUITY OF MAN IN AUSTRALIA 

Interest in the problem of the antiquity of 
man in Australia has been stimulated by the 
finding of two fossil human skulls and other 
bones at a depth of nineteen feet in the side 
of a sand pit near the village of Keilor, ten 
miles northwest of Melbourne. One skull is 
practically complete, although its lower jaw 
is missing, while the other is represented by 
five fragments. A quartzite flake, evidently 
a crude implement, was found embedded 
close to the place where the intact skull was 
unearthed. Because of present wartime con- 
ditions it has not been possible to conduct 
systematic excavations at the site, in an 
effort to obtain additional bones, teeth, and 
artifacts, but studies have been made of the 
anatomical characteristics of the skull and 
of the geology of the location where it was 
found. From the skull comes evidence bear- 
ing on the nature of the early Australians, 
and from the geologic investigations an indi- 
eation of the time when the individual and 
his companion were living there. 

As is the case in the New World, there 
have not been many finds in Australia that 
could be considered indisputable evidence 
for early occupancy or that shed much light 
on the physical makeup of the people. A 
broad outline of developments in the area 
has been made, however, on the basis of the 
racial features of the later aborigines and 
the manifestations of such of the archeolog- 
ical and paleontological discoveries as ap- 
peared to be authentie. 

When the first Europeans arrived, two 
types of people were present in the region. 
One was confined to the Australian main- 
land and the other to Tasmania. Both have 


been considered as representing the o)j, 
types of the human race persisting }, 
modern times. The Tasmanians becamp , 
tinct in the latter part of the 19th centy, 
although a few mixed-blood descendants » 
believed to survive in a few places. 7 
differed from the Australians in appearg 
and in having a lower cultural level a) 
generally are considered to have been 
primitive Negroid people. 

There are several schools of thought , 
cerning the relationship between the 1 
manians and the Australians. One 
that both stemmed from the same basie sj 
and that such differences as were ap 
were the result of isolation on the part 
the Tasmanians and the fact that the 
veloped certain variations peculiar to 1 
during the long interval when the 
separated from those inhabiting the m:; 
land. Another viewpoint is that the al 
inal Australians were bi-racial in orig 
that they were the result of a mixture 
peoples related to the Dravidians, who cam 
into the region as a part of the first way: 
of the great pre-Dravidian migration whi 
spread from the Mediterranean across India 
into Ceylon and on to the Malayan revion, 
and the Negroid peoples already occupying 
the continent. Both groups are believed t 
have journeyed from the Malay Peninsula 
to Sumatra, Java, and New Guinea, and 





thence into Australia. Others have argued 
that the Australians and Tasmanians wer 
distinct and that the latter traveled to Tas. 
mania by sea from New Caledonia, skirting 
the eastern shores of the continent. Con- 
sensus now tends to the theory of the early 
wave of Negroid peoples crossing into Aus- 
tralia from New Guinea and 
thinly over the eastern part of the mainland. 
Later the incoming Australoids forced some 
of them south and west and into Tasmania, 
the crossing being made either by means of 
a then existant land bridge or by canoe over 
a much narrower strip of water than the 
present Bass Strait. Those remaining in 
Australia were absorbed by the newcomers, 
thus producing the intermixture responsibli 
for the characteristic Australian aborigine 


spreading 


This bi-racial origin is, of course, regarded 
as being independent of and long antecedent 
to the admixture with Papuan and possible 
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Malayan migrants coming in from the north 
and northeast in recent times. The Austra- 
loids did not eross over to Tasmania until 
modern times and then only in small 
numbers. 

Support for the bi-racial origin theory is 
believed to be offered by the Keilor skull 
which eombines Australoid and Tasmanoid 
characteristics in about equal proportions. 
The eranium, which is that of a middle-aged 
male, is larger than the average for the males 
of several Oceanie races and in the form of 
its contour is considered as quite similar to 
the characteristic South Australian male. 
In many respects it may be regarded as rep- 
resenting an older form of the typical Aus- 
tralian, a feature which is consistent with 
the geological evidence indicating some an- 
tiquity. 

Coupled with the twofold human migra- 
tion to Australia is the interesting probabil- 
ity that the dingo, the dog that long was 
considered a distinet species peculiar to that 
continent but later demonstrated merely to 
be a variety of the domesticated dog, was in- 
troduced. by the Australoids. The Tasman- 
oids had no dog and no traces of the dingo 
have been found in Tasmania. 

One phase of the general problem natu- 
rally concerns the time when these events 
took place. The answer depends on the solu- 
tion of additional problems in turn befraught 
with numerous difficulties. Inasmuch as 
some antiquity is indicated, Pleistocene phe- 
nomena are involved and in Australia there 
has as yet been no widespread correlation 
between glacial deposits, river terraces, sand 
dunes, alluvial deposits, raised beaches, and 
submerged strandlines. The order in which 
extinct marsupials died out is not known 
and some of those that have disappeared 
from the continent still survive in Tasmania. 
As a consequence such fossil remains give 
little aid in dating the deposits where they 
are found. 

Several glacial phases of the Pleistocene 
have been established for Tasmania and 
Australia, however, and with them as a basis 
the investigators of the terrace where the 
Keilor skulls were found have reached the 
conclusion that it was formed during the 
Riss-Wiirm or Third Interglacial phase. In- 
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asmuch as the bones occurred beneath undis- 
turbed strata in the terrace and everything 
pointed to contemporaneity, Keilor man is 
judged to be of that age. 
of years involved is a question governed by 


The actual number 
On the basis of Milan- 
Radiation might 
have been as long as 143,000 years ago, while 
judged by the 
favored by European prehistorians the figure 


the chronology used. 
koviteh’s Solar Curve it 


some of tables currently 
would be much more conservative and range 
from 40,000 to 50,000 years. Culturally the 
level would approximate that of the Lower 
view of the fact that 
Neander- 
little too 
Having preceded the Australoids into 


Mousterian which, in 


in Europe that was the period of 
thal 
early. 


man, might appear to be a 
the area, the Tasmanians would be somewhat 
earlier. How much older they were is still a 
matter for conjecture. 

Other indications of relatively early oecu- 
pancy are present in the form of stone arti- 
facts occurring in deposits that obviously are 
of some antiquity. Perhaps the most impor- 
tant of these are the so-called Myrniong im- 
plements, crude scraping and chopping tools, 
found in a gravelly-clay underlying a vol- 
eanic lava flow. The stratum in which they 
were embedded has been identified as belong- 
ing to the Pleistocene, although the particu- 
lar phase seems not to have been identified. 
At all events this evidence, together with that 
of the Keilor finds, suggests that it is reason- 
ably certain that Australia was occupied by 
man during the Pleistocene period at a stage 
comparable to that of the Old Stone Age in 
Europe. 

An interesting survey of this problem in 
which various finds are discussed and con- 
siderable attention is given to geologie and 
other ramifications of the subject has been 
prepared by Director D. J. Mahony of the 
National Museum of Victoria and it, together 
with articles on the anatomical features of 
the Keilor skull and the geology of the site 
where it was found, was published in the 
Memoirs of the National Museum, No. 13, at 
Melbourne in September, 1943. An exten- 
sive bibliography is included for the benefit 
of those desirous of delving into the subject 
more deeply. 

FRANK H. H. Roperts, Jr. 
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CIRE PERDUE 

WARTIME technology has revived and re- 
created for the production of the smaller 
tools of industrialized warfare, the ancient 
process of wax casting. This method, known 
as the cire perdue, or ‘‘lost wax process,’’ is 
so called because the wax is ‘‘lost’’ in the 
process of heating, not because, as is mistak- 
enly thought, it was a temporarily forgotten 
technique. It was the means by which were 
produced some of the world’s greatest works 
of art dating back into historically remote 
ages. Three thousand years ago the Chinese 
were casting, presumably by this method, 
magnificent bronze vessels of such quality 
that even now, in this age of the machine and 
metallurgy, they are regarded as unsur- 
passed technical achievements. 

Before the outbreak of this war the process 
was used in the field of art by the sculptor 
to cast his statuary and in industry by the 
jewelry and dental trades to manufacture 
small objects on a mass production basis. 

With the war came a great need for 
machine parts and soon the facilities for 
hand forging and machining were seriously 
overtaxed. As a result, experiments were 
made with precision force casting as em- 
ployed in making small jewelry and dental 
instruments. It was soon discovered that 
various methods of wax casting could not 
only relieve the serious situation by provid- 
ing small precision parts but could also con- 
serve critical raw materials, manpower, and 
production costs. After a year and a half, 
according to J. D. Wolf (Metals and Alloys, 
Oct., 1943), it is now ‘‘estimated that ecur- 
rent production facilities within the jewelry 
industry alone, are adequate for the produc- 
tion of 100,000 small parts weekly on a sub- 
contracting basis.’’ 

Briefly, the process involves the following. 
First a model is made in wax or plastic that 
can be melted or vaporized away. Then it is 
encased in moistened plaster, the plaster is 
dehydrated, and the wax is melted out in a 
furnace. This leaves a hollow in the hard- 
ened plaster, called an investment, which 
then is filled with metal through centrifugal, 
pressure, or vacuum methods devised to in- 
sure the flow of the molten metal into the 
extreme corners of the shape. The metal- 
filled mold is removed, cooled, and then the 


plaster is broken off or dissolved b 
spray. The gate, which was the 
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through which the metal was poured, js yo. 
moved from the finished casting. Litt}, 


no tooling has been found necessary 


move irregularities. The larger the 


more difficult it is to obtain true dimens 
by this method, but the most intricate 
objects may be fashioned to an accw 


a few thousandths of an inch. 
Certain pitfalls must be carefully 
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against. Allowances are required for shrink. 


age, changes in shape and surfa 


ce, and 


against occlusion of gas bubbles. The me; 


shrinks while cooling and in consequ 


layout must be such that freezing shall first 


ence the 


S 


occur at the outer extremities of the pattern, 
and last at the gate in order that a surplus 


of molten metal may remain at the 


the very end of the process and be sucked 


inward to replace the lost volume. 


The disasters arising from a faulty tech- 


nique are eloquently described by Be 


Cellini, 16th century master scul 


nvenut 


ptor 


Florence. Cellini, who gave a renascence 1 
bronze sculpture by greatly developing the 
cire perdue method, had the heartbreaking 
experience, while casting his Perseus, 
seeing the bronze ‘‘curdle”’ or solidify until, 
by dint of quick-sighted ingenuity, he caused 
the curdled mass to liquefy and ‘‘ brought th 


2 
. 


dead to life again.’’ 


Wax casting is particularly suitable as a 
process for fashioning those non-ferro 
metals and highly alloyed steels, many of 


which are extremely difficult to forge or 
war 10 


machine, that are being used in the 


S 


their strength and non-corrosive qualities 


Examples of such small precision parts pro- 


duced by this technique were recently di 


played at the Washington headquarters of 
the War Production Board in an exhibition 


showing conservation of critical materials. 


This wax casting method of part produc- 
tion as developed to meet the needs of indus- 
try at war may be regarded as having even 
greater potential use in the peaceful future. 
both in industry, where small parts can be 
produced for post-war machinery and gad- 
gets, and in the arts, where there are no 
restrictions on size since millimeter accuracy 


is usually no concern of the artist. 


M. D. 
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BOOK REVIEWS 


INDUSTRIAL HYGIENE* 

THERE is always room for improvement. 
There also is always need for improvement. 
In the leisurely days of peace and plenty the 
need isttoo often ignored or forgotten. It is 
in times of stress and emergency that great 
advances are made; the force of urgent 
necessity overcomes inertia and complacency. 
Our knowledge regarding industrial hygiene 
and industrial preventive medicine has far 
outstripped its application in many places. 
Though the larger corporations have splen- 
didly organized the most effective industrial 
health services for their workers, the smaller 
plants have lagged far behind. Now these 
smaller plants, many thousand strong, are 
no longer small. Grown immense almost 
overnight, they have neither the trained per- 
sonnel nor the experience to develop proper 
industrial hygiene services. The vastly ac- 
eelerated tempo of wartime production 
makes their need for such services impera- 
tive. 

There are not enough physicians and engi- 
neers trained in industrial health and safety 
problems to go around. Many formerly 
active in these fields are now in the armed 
forces. The many newcomers need to learn 
rapidly. For these and others newly con- 
cerned with industrial health, the Committee 
on Industrial Medicine, Division of Medical 
Sciences of the National Research Council, 
recommended that the Division of Industrial 
Hygiene of the National Institute of Health 
prepare a text briefly summarizing the ac- 
cepted practices of industrial hygiene. This 
book is now available. It ably fills the need 
for a basic text for those trying to learn 
industrial health procedures. 

Industrial production for war differs in 
several significant respects from production 
in peace. Speed and extreme accuracy are 
paramount. Thus the workers labor under 
sharper stresses and responsibilities. Anxie- 
ties and tensions beset us all and contribute 
to fatigue. Many new employees are un- 
trained and green to factory practices. 


* Manual of Industrial Hygiene and Medical Ser- 
vice in War Industries. Edited by William M. 
Gafafer, Illustrated. xi+508 pp. 1943. $3.00. 
W. B. Saunders Company. 
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Workers 


groups heretofore unexposed to 


are recruited from population 


industrial 


employment; many women, youths, and 
handicapped persons are now for the first 
time members of production-line teams. 


Hundreds of thousands of older workers, 
discarded by industry years ago as ‘‘too old 
to work’’ are now back on the job and labor- 


With 


man-hour of work vitally important in speed- 


ing mightily and effectively. every 
ing production of military materiel, the con- 
servation of the health, and therefore work 
efficiency, of each and every worker is essen- 
tial to victory. All these factors sharpen the 
problems and augment the responsibility of 


health. It 


is no longer a question of saving compensa- 


those concerned with indistrial 
tion costs (unfortunately this was the orig- 
inal motivation of industry in creating in- 
dustrial health services) but a problem of 
conserving the greatest of our national re- 
the work of men and women. 

A manual is not intended to be an ex- 
haustively comprehensive work. But, as a 
result of careful and inspired editing, this 


sources: 


manual of industrial hygiene is extraordi- 
The delicate task of 
selecting material has been handled with rare 
skill by the editor, William M. Gafafer. The 
only major lack is the omission of a tabula- 
tion of health hazards in relation to occupa- 
tion. The hazards from dusts, fumes, gases, 
irritating or toxic chemicals, and changes in 
the physical environment vary with the ma- 
terials worked with and the in- 
volved. With the constant 
new materials and methods of processing, 


narily comprehensive. 


processes 


introduction of 


industrial health services must be constantly 
Lack of 
this knowledge is the greatest handicap en- 
countered by the physician or engineer new 
to the field of industrial health. It is hoped 
that future editions of this valuable book 
will rectify this omission. 

As in all books written by highly special- 
ized contributors, there is some spottiness in 
the value of the various chapters. This, 
however, is less than one would expect when 
it is realized that the editor was obliged to 
choose his contributors from a very limited 


alert to anticipate such hazards. 
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group. With one exception, all of the 
twenty-four chapters were written by mem- 
bers of the U. S. Public Health Service staff- 
ing the Division of Industrial Hygiene. 
Rare indeed is the organization which has 
within it the best men for each and every 
aspect of so huge a field. 

The first part of the book deals with the 
problems of organization and operation of 
facilities for industrial health maintenance. 
Included are such aspects as medical, nurs- 
ing, dental, and engineering services re- 
quired. The second part briefly covers the 
more specific problems of prevention and 
control of disease in industry. Lastly are 
presented able discussions of the problems 
presented by handicapped workers and the 
vexing question of absenteeism. Most of the 
chapters are replete with useful information 
and ideas. Less ably presented are the chap- 
ters on health education and the complex 
problems introduced by the employment of 
women. Health education by those who must 
‘fread up’’ for their information is nearly 
always fatuous and too often misleading. 
The chapter on women in industry is reminis- 
cent of a ‘‘library thesis’’; extensive biblio- 
graphic documentation but too theoretical to 
be convincing. 

Though there are many relatively recent 
books on industrial hygiene, this is by far 
the best brief compilation. It should be 
studied by all those concerned with the main- 
tenance of health of the more than seven 
million workers on the war production front: 
executives, personnel directors, industrial 
physicians, nurses, hygienists, engineers, and 
even labor leaders. The printing and format 
are up to the high standards of excellency 
usual with the publishers. The volume is 
strong in the essential attributes of a man- 
ual; it is sound, concise, and selectively com- 
prehensive. Its wide circulation is sure to 
improve industrial health practices where 
improvement is needed most—in the smaller 
plants. We may hope that the advances 
made in war will not be lost with the coming 
of peace. Epwarp J. STIEGLITZ 


FOGS, CLOUDS AND AVIATION* 


THE principal feature of Dr. Humphrey’s 
* Fogs, Clouds and Aviation. W. J. Humphreys. 
Illustrated. xii+200 pp. 1943. $3.00. Williams 
and Wilkins Company. 
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conveniently small book on Fogs, Clouds anj 
tone plates of cloud formations and al! 
atmospheric phenomena. Many of. the 
photographs were obtained by the authop 
himself. Their value is enhanced by the yer 
clear descriptive matter that not onl) 
ferentiates one cloud formation from anot] 
by appearance, but explains the conditions 
under which the various cloud formations 
may take place. 

The book is based on the author’s earlier 
volume, Fogs and Clouds, which has been ; 
vised and brought up to date with the a 
emphasis brought about by the rapid 
vances in aviation since the earlier volume 
was published. Whatever Dr. Humphreys 
writes will be found not only authoritative 
but entertainingly written even to the extent 
of a dash here and there of poetic imagina- 
tion. 

The book supplements the usually s 
what inadequate treatment of clouds and 
fogs found in the more conventional text- 
books of meteorology. It should prove 
value not only to the aviator who must b 
constantly prepared to recognize the signifi- 
cance of cloud banks and conditions to by 
encountered therein, but also to an ever 
enlarging group of general readers whose 
amateur interest in phenomena of. the 
weather finds an added satisfaction in being 
able to classify the ever varying cloud 
formations of the lower atmosphere. For 
the less-initiated, the inclusion of the rar 
phenomena such as rainbows, coronas, an 
parhelic circles adds considerable interest to 
a book that is a welcome companion to all 
who would be weather-wise. 

Haran T. STETSON 
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ESSAYS IN BIOLOGY* 


You know what this sort of book is likely 
to be—a potpourri of noncoherent articles 
written for the occasion from whatever mate- 
rials chance to be on hand. So I picked up 
my review copy some weeks ago with little 
enthusiasm. It is a good-looking book, well 
printed and bound and with many fine fig- 
ures, especially the frontispiece portrait of 
Herbert Evans, Professor of Biology, Uni- 


* Essays in Biology in Honor of Herbert M. Evans. 
By his friends, Illustrated. xxi+686 pp. 1943. 
$10.00. University of California Press. 
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versity of California, whose sixtieth birthday 
was the occasion for its preparation. And it 
has the éclat of a collector’s item, beginning 
with a biography and full bibliography of 
Dr. Evans, and continuing with each of the 
forty-eight contributions set off by an attrac- 
tive fly-leaf. But the contents seemed to 
confirm my worst fears, for the first five 
articles, in order, deal with: the kidney and 
hypertension, endocrines and gut absorption, 
the impact of iron on religious thought, 
adrenalectomy and salt, Purkinje on the 
bird’s egg. 

Yet I read from cover to cover, with con- 
tinuing profit and pleasure. The chaos in 
subject matter is not so great as at first 
seems; had the Publication Committee 
chosen to place the contributions by content, 
rather than alphabetically by authors, there 
would have been, perhaps, the following 
groups: endocrines, nearly half the articles, 
and two thirds of these dealing with repro- 
duction and its hormones; scientific history, 
nearly a fourth of the articles; and another 
baker’s dozen that are really miscellaneous. 
Perhaps the alphabetical arrangement is 
preferable, at that; it is a rather salutary 
mental shock to pass, over one page, from a 
description of the Symballophone, a double 
stethoscope, to an analysis of Carnot’s 
thermodynamic theorems, or from the patho- 
genesis of undulant fever to the influence of 
the French Revolution on medical education. 

Some few articles have obviously been 
tossed off as casual chores; others, such as 
the meticulous translation by Barthemez of 
Purkinje’s tract on the bird’s egg, are labors 
of love; and a few are simple, detailed re- 
ports of a research job. The majority are 
succinct and authoritative sketches of the 
recent work in and the current status of the 
field chosen. They are less formal and more 
personal than straightforward review ar- 
ticles and are correspondingly easier read- 
ing. For the biologist who enjoys brief 
excursions to far points in his domain and is 
willing to put himself in the hands of which- 
ever guide is available, these ‘‘little jour- 
neys’’ will be most rewarding. A word as 
to how these guides were chosen, beyond the 
general fact of friendship with Dr. Evans, 
would have been welcome. 

The Publication Committee—Miriam E. 


Simpson, Samuel T. Farquhar, Chauncey D. 
Leake, and William R. Lyons—has_per- 
formed a generous and worthy service, and 
Herbert M. Evans is indeed honored. 

R. W. GERARD 


A TREASURY OF SCIENCE* 

CoMPILATIONS of scientific writing have 
appeared before but none as readable as this 
one. The present collection has several 
unique and valuable features. It follows a 
logical and well planned course beginning 
with some fascinating excerpts on the poetry 
and excitement of scientifie wonder which 
act as an inspiring foreword to the harder 
tasks of presenting results of actual scientific 
inquiry. Subsequent chapters deal with the 
heavens, the earth and matter, and energy. 
These chapters form the background for the 
sections on ‘‘Life’’ which are followed by 
chapters on ‘‘Man,’’ his civilization, his 
physical structure, his mastery over disease, 
and his fragmentary insights into the work- 
ings of his own mind. 

The compilers of this volume believe ap- 
parently that it is far better to present to 
the public scientific literature written by 
qualified authors who are good writers than 
by scientists who are competent or original 
research workers. It may well be claimed 
that there is no compilation of excerpts from 
original scientific sources that can compare 
with this achievement in painting the pano- 
rama of science in such clear colors as 
to compose a well balanced entity which is 
informative, readable, and enjoyable. 

It must not be gathered that excerpts are 
lacking from original investigators. Such 
men as Isaac Newton, Charles Darwin, Sir 
Forest Ray Moulton, Sir 
Franklin, 


James Jeans, 
Arthur Eddington, 
Galileo, and others are well represented by 
impressive quotations. But the vast major- 
ity of the pages of this collection is filled 


senjamin 


with articles from writers on science whose 
unique contribution is lucid exposition and 
organization of scientific findings. 

It goes without saying that the personal 
equation of the editor enters into the matter 
of choosing particular selections, and that 

* A Treasury of Science. Edited with an Intro- 
duction by Harlow Shapley with Samuel Rapport and 
Helen Wright. xi+716 pp. $3.95. Harper & Bros. 
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different compilers would display different 
preferences. This is as it should be; it 
proves as helpful in science as it is in litera- 
ture. But it is for this reason that those 
who are interested in the diffusion of scien- 
tific information should seek to find the 
possible causes for the intrinsic merit of this 
volume, as well as its rapid acceptance by 
the public. 

An outstanding feature of this collection 
is its stress upon natural history rather than 
experimental methods and _ procedures. 
Physiology and biochemistry are brought in 
very mildly, if at all, and such topies as res- 
piration, enzymes, vitamins, or digestion are 
virtually omitted—perhaps for the sake of 
easier reading. 

One also notes the absence of science his- 
tory. It might with justice be claimed that 
in portraying the drama of scientific con- 
quests much stands to be gained from exam- 
ples of false leads such as Tycho Brahe’s 
: defense of astrology, or Paracelsus’ search 
for the spirit of digestion, or Priestley’s 
adherence to the phlogiston theory. A 
reader might enjoy knowing that science has 
its deceptive leads as well as those that prove 
workable. However, the general trend of 
scientific writing to date is to omit this his- 
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sion would confuse the reader. 
It is difficult, however, to explain t! 


sence of any cultural anthropology in ; 


section on man, especially since ample gs 
is given to biological evolution and phys 
anthropology. Surely the writings of | 
Lowie, Linton, or a host of others cast 
able light on man and his nature and in a 
tion constitute fascinating reading. 

public, not only the scientists of today, is 
doubt anxious to learn how man fas 


and changes his institutions, the faiths }; 
lives by, and how science can help to evalu 


them. 

On the other hand, Dr. Shapley’s vol 
is so harmonious and effective and so 
pressive of the attitude of the edit 
any changes might upset its homogen 


torical process and it is likely that its ingly. 


eX- 


Y thot 


As in a work of art this book owes its char 


and value to the unique philosophical 


literary conceptions of its compilers. As t! 
reader continues with the wealth and variety 
of material presented, the many-sided edific 
of science grows before him in strength a 
beauty. If my guess is correct, few readers 
will fail to finish it and all will be amply 
rewarded for having succumbed to its lure 


MarkK GRAUB 


DANL 
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COMMENTS AND CRITICISMS 


Call to Arms 
helieve that The Scientific Monthly ought to have 
tion dedicated to criticism of the writings it 


This would enhance its scientific spirit. 


iplushes. 


_J, M. Martinez. 


Levitation 
I am not accustomed to the general practice of mak- 
ing an issue of the presentations of scientists in Sci- 
An article in the Monthly for Oc- 
from 


entific Journals, 
r, 1943, does, however, need refutation 


any sources and I hereby contribute my objections. 


‘his article by one Leo Kartman is mistitled, ‘‘So- 
iological of Biologists.’’ It should 
hear some such caption as, ‘‘ Biological Misconcep- 


Excursions 


tions of a Sociologist.’’ 

The gist of Mr. Kartman’s arguments on the theme 
of the non-applicability of biological laws to man is 
the hoary sociological thesis that man is a creature 
apart from this mundane world and not subject to 
the operation of forces that govern in the respective 
organie and inorganic spheres of influence. 

I do not attempt to answer Mr. Kartman’s naive 
presentations,—any ‘‘B’’ student who has completed 
a High School biology course could do that. I only 
ask that when such articles are in the future pre- 
sented for your consideration, you accept them only 
on the condition that the author jump out of your 
window (I hope you are on the sixth floor) as a 
demonstration that the laws of gravity will be sus- 
pended in his favor because he is a human being.— 
R. A. Hefner. 


No! We are on the eighth floor.—Eds. 


We Muffed It 

On page 476 of the November, 1943, issue of The 
Scientific Monthly there is an attractive 
graph captioned ‘‘Habitat Group of Quetzal from 
It is to be hoped that the Field 
Museum, to which this group is ascribed, has labelled 
it otherwise inasmuch as the alleged Quetzal birds 
in this illustration bear an extraordinary resemblance 
to peacocks but, on the other hand, do not resemble 
any illustrations of the Quetzal which I have seen. 
Nor do they resemble the recollection of the Quetzal 
on the part of travelers to Guatemala with whom 
I am acquainted. 

It is suggested that the next issue of The Scientific 
Monthly contain an appropriate correction and, 
in accordance with the good-neighbor policy to our 
fellow American country, Guatemala (whose na- 
tional emblem is the Quetzal), a new illustration, as 
well, showing the actual habitat group of the Guate- 
malan Quetzal.—Alfred N. Goldsmith. 


photo- 


Guatemala.’?? 
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Inadvertently the Field Museum 
tograph ol peacocks mislabeled qu 
published it innocently. Later we obtained from 
phe tograph ol 


We intended to p ib 


the same museum a 
group of genuine quetzals. 
lish it, but the WPB intervened, requiring con 
servation of paper. Nevertheless our apologies 


bors are just as pro 








to our Guatemalan neig ‘ 
found as if we had illustrated this acknowledge 


We als 


restraimmead 


ment and correction of our error. » pub 
licly express our appreciation of the 
manner in which Dr. 


After 


and delicate Goldsmith ex 


seen p 
i 


posed our ignorance. all we have 


ul 
cocks.—Eds. 
Also Muffed 


I suppose a million people have written to you that 
the life span of Louis Agassiz is not that indicated 
1943] 


think that the dates 


below his portrait in the last [ October, number 
of The Scientific Monthly. I 


relate to his son Alexander.—W. H. Wright. 
They do, and we ean’t laugh that off Eds. 


No Ham and Eggs 

I happen to be one of your members and receive 
The Scientific Monthly and I want to express some 
comments about the first article in the July 1943 issue 
entitled ‘‘The Older Worker.’’ 
body in the country could read this article 


I wish that every 
read 
it with care and read it with thoughtfulness. It is 
and I think 
job in getting up this article and you have done a 


excellent Dr. Carlson has done a fine 
fine job in publishing it. 

I would also especially comment on page 6, column 
2, commencing ‘‘In fact, tasks for which men and 
women past fifty, sixty and seventy are thoroughly 
capable lie all around us like mountains but we do 

, 


not see them.’’ This is so true with a great many 


but some of us, including myself, not only see the 
mountains but see the tasks as well. We are per 
fectly willing to pay a reasonable price for such 
work to be done and the different jobs are consis- 
tently coming to light and could be done by anyone— 
that is, as far as age is concerned—but we will not 
pay $12 a day for simple little tasks which a man 
seventy could perform even though it took him twice 
as long as a man of thirty. I, myself, would very 
willingly pay $5 a day but I certainly will not pay 
$12.00. 
us all the time, but the moment you suggest any- 


thing like $5 you are constantly up against this 


These tasks are with us, they are all around 


is below the union scale. The result is the work is 
undone, the older people are without the funds and 
no one accomplishes anything with this kind of an 


attitude.—W.H.H. 
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A copy of the foregoing letter was sent to Dr. 
Carlson by F. R. Moulton, whose letter of trans- 
mittal ineluded the following: 

You will remember that nearly twenty years ago, I 
wrote an article for The University of Chicago 
Magazine on ‘‘The New Education’’ and, in the 
course of it, spoofed the faculty on various things. 
One of the unorthodox positions I took was that 
younger scientists should be promoted rapidly so 
that they could get married and raise families at the 
normal period of life for doing such things, and that 
they gradually be demoted and retired as they got 
past the zenith of their powers. This proposal did 
not meet a very hearty response among members 
Now I 
hope that, from the vantage point of more years, you 


of the faculty who were past middle age. 


will see that there was some sense in what I said. If 
men could begin to be demoted at 55 or 60 or 65, de- 
pending upon their physiological ages, they could be 
kept actively at work in the universities for a much 
longer period, with advantage to research, education 
and themselves. Financially speaking, my suggestion 
amounts to distributing the total income of a man 
in university work somewhat differently than it has 
been distributed heretofore. Of course, there are 
those that thought there would be some humiliation 
in being demoted, at least as far as pay is concerned. 
If everyone were treated similarly, the demotion de- 
pending on physiological age, it would be normal, 
just as ceasing to play tennis at advanced years is 
normal, the time for this, also, depending to a con- 
siderable extent upon the physiological age. 

If you agree with any of these wanderings of a 
restless mind, I hope sometime you will write an ar- 
ticle, modifying them as you desire, and let us print 
it in The Scientific Monthly. It would be a fine, 
practical carrying out of the principles you set forth 
generally and rather briefly in the article which we 
have just printed. How about taking your facile 
pen in hand and doing this little trick, or if you 
disagree with me, take the opposite position, and 
fasten my hide to the barn door?—F.R.M. 


Ah! 

Reading the book reviews in the November issue of 
The Scientific Monthly which has just arrived 
has brought once again to my mind the realization 
of how good they are. They are informative, critical, 
well balanced and good tempered. But the quality 
I like best is the note of frankness and sincerity: 
if the reviewer thinks the book is bad he says so. 
In too many of our professional journals, it seems to 
me, a reviewer says nice things about a book for 
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league’s’’ 


which he has contempt for fear of hurting his 










feelings. 


More power to your reviewers!—Leslie A 


Oh! 


I am in receipt of your letter, together 


turn of my manuscript. 


[I will wager that 


one of you three wise men realize the fact 


generative processes are developing, which 


decay of our civilization. 
scientific journal, yet you have not the ‘‘ 


You pretend to 1 


& MLS 


publish the truth, and you probably have never x 


nor 


heard of Antoine Wiertz’s paintings —H 


Soper. 


The following reflections come from B 


The Professor 


) 


Horton, Graduate Faculty, St. John’s Universit 
Contemplating the characteristics of the 
fessions of law, medicine, theology, and advar 
teaching, Dr. Horton advances ten criteria or | 
marks of a genuine profession.—Kds. 


Le 


on 


~] 


10. 





A profession must satisfy an indispensab] 
cial need and be based upon well-established a: 
socially accepted scientific principles. 

It must demand an adequate pre-profe 
and cultural training. (Today, a two-yea 
lege course is generally required.) 

It must demand the possession of a body 
specialized and systematized knowledge. 
It must give evidence of needed skills whi 


£ 


general public does not possess; that is, skills 
which are partly native and partly acquired. 
It must have developed a scientific techniqu 
which is the result of tested experience. 

It must require the exercise of discreti 
judgment as to the time and manner of th« 
formance of duty. This is in contrast to t! 
kind of work which is subject to immed 
direction and supervision. 

It must be a type of beneficial work, the result 
of which is not subject’ to standardization 
terms of unit performance or time element. 

It must have a group consciousness designed 
to extend scientific knowledge in technical !a! 
guage. 

It must have sufficient self-impelling power 
to retain its members throughout life. It must 
not be used as a mere stepping-stone to other 
occupations. 

It must recognize its obligations to society by 
insisting that its members live up to an estat 
lished and accepted code of ethics. 
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ANTON JULIUS CARLSON 


0 nuary 1, 1944, Dr. Isaiah Bowman, = zoologists, seven botanists, five anthropo 


t of the American Association for gists, two psychologists, two economists, one 


ancement of Science for 19438, an engineer, eleht medical seientists. one ae? 

over the network of the National culturist, and one edueator, the late Pres 

Ray asting Company that Dr. Anton dent Eliot) of Harvard University () 
- Carlson, Frank P. Hixson Distin course, the diversity of interests of forme 

Re Service Professor Emeritus of presidents has nothine to do with Dr. Car 
Physiology in the University of Chicago, son except to indicate the type of man that 
ist been elected President of the Asso is chosen to be the leader of such a ereat 
for 1944. body of scientists as those which make up the 

Dr. Carlson is the ninetyv-second president American Association for the Advancement 
the Association, his predecessors having of Science. In addition to being an eminent 
ided many of the most eminent of Amer specialist, the president must be a man hay 

an scientists for a century. For example, ing many and varied interests, wide aequain 
hree of the five American Nobel laureates tance, a deep feeling of responsibility of 
Dl VsIes, A. A. Michelson, Robert A. Mil sclentists to our social order, and a statesmal 


can, and Arthur H. Compton, have been — in the fields of science. The eleetion of Dr 
presidents of the Association. Of the three Carlson as president of the Association ex 
\merican Nobel laureates in’ chemistry, presses the Judgement of the 255 members ot 
Theodore W. Richards and Irving Langmuir the Council, representing the Association 
ere similarly honored. Of the six Amer and societies in every field of science with 


n Nobel laureates in medicine, four were membership of nearly a million, that he has 


‘dl 


American born, and of these four, Charles these high qualities to an exceptional degree 
S. Minot and Thomas H. Morgan were also Dr. Carlson is the fifth foreign born pres 
presidents of the Association. dent of the American Association for the 
In certain respects the National Academy Advancement of Science, excepting J. E 
of Sciences is the foremost American scien Hilgard, president in 1875, who was brought 
tific society. It was established in 1863 by from Bavaria to America by his parents 
an Aet of Congress as the official adviser of © when he was a voung boy. Carlson’s four 
the Federal Government on scientific ques- predecessors who were of foreign birth and 
tions. Naturally only scientists of the high- rearing made such great contributions to the 
est distinction have been elected to the presi- development of American science that their 


dency of the Academy. Of the fourteen men names should be recorded in this sketch 
who have been elected to this high office, The first in order of eleetion was Louis 


eleven have also been presidents of the Asso- Agassiz, of Swiss birth and Swiss and Ger 
ciation. Dr. Carlson is one of 335 present man education, who was elected president of 
members of the Academy, having been hon- the Association in 1851, three years after it 
ored by election to membership in this august was organized. He founded the Museum of 
body twenty-four years ago, in 1920. Comparative Zoology at Harvard College, 

Since the fields of interest of the Associa- introduced revolutionary methods of teach 


tion include practically all the natural and ing biology, and established the summer 
social sciences, not many presidents have school at Penikese Island, which was de 
been elected from any one field. Dr. Carlson scribed in the October, 1943, issue of Thi 
is the eighth president of the Association Scientific Monthly. 

from the field of the medical sciences. Of Seventy-one vears elapsed before another 
the ninety-two presidents of the Association, scientist of foreign birth was elé®ted presi 
seven have been mathematicians, nine physi- dent of the Association. In 1922, J. Playfair 
cists, ten chemists, ten astronomers, nineteen MeMurrich of Toronto and of Canadian 
veologists, geographers, and paleontologists birth became president of the Association. 
eleven in the first thirty-five years), ten But to speak of MeMurrich as of foreign 
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birth is purely legalistic, because so far as tip of Greenland. As a child in t] 
American and Canadian scientists are con he shuddered at the roar of storms 
cerned there is not and never has been any rejoiced at the rush of young spi 
international boundary between them. ened his muscles and disciplined 

In 1925, Michael I. Pupin, once a Hun with toil during the long days o 


evarian peasant boy but then the foremost became acquainted with domestic 
electrical engineer in America, was elected — the life of lakes and streams, fields 


president of the Association. A few vears ests, and the air, and looked forwa 
before his death Pupin wrote his autobiogra- | snows of autumn. At sixteen yea 
phy, a book as remarkable for its rare liter- he turned his eves westward and « 


ary and poetic qualities and his fine tribute ocean and half a continent on his 

to his mother as for the heroic story of his Chicago. Knowing hardly a word 

rise from poverty and ignorance, ina strange — glish, he secured a job at carpent 

land, to great rewards and high honors from saved the money he earned, attend: 

his adopted country. in the evening, and started in earnest 
Kranz Boas, who was born in Minden, Ger- adventures of life. After he had eam 

many, in 1858 and came to the United States hundred dollars he went to Augustana | 

in 1889, became president of the American — lege, Illinois, at which he took the B.S 

Association for the Advancement of Science in 1898 and the M.A. degree in 1899 


in 1931. At Clark University, in the depart ever any graduate of one of the er 
ment of anthropology of the Columbian Ex- — versities looks with feelings of pity on s 
position in 1893, in the American Museum of — poorly endowed and equipped colleges 
Natural History, and as professor of anthro- Augustana, let him think of the me 
pology in Columbia University, Boas main- have produced and be humble. 

tained the pattern of fine and objective In 1902 Carlson received the Ph.D 


German scholarship as it was at the zenith from Stanford University, at which | 
of its excellence. It is the memory of such an assistant in physiology during 1901 
men as Boas that reminds us of the great 1902. After one vear as a research assist 
debt American science owes to the spirit ot in the Carnegie Institution of Washinet 
German science of a few decades ago, and he went, in 1904, to The University of | 
makes us grateful to Fate that he came to us cago where he rapidly rose in rank 
when he did. chairmanship of the Department of Phys 
Anton J. Carlson is the fourth foreign ology, and in 1929 was awarded the Fra 
born president of the Association since 1922, P. Hixson Distinguished Service Profess 
an average of one out of six at a time when ship. The one break in this career was t! 
this country had already become populous, period of his service in the United States 
powerful, wealthy, and sophisticated in Army Sanitary Corps in World War |. .\s 
science. This remarkable recognition of for- a Lieutenant Colonel he was sent to Ser! 
eign born scientists of distinction is clear Austria, Czechoslovakia, the Baltic I 
evidence that during this period the hos-  vinees, and Finland after the armistice 
pitable spirit of our ancestors still prevailed direct American relief of the appalling st 
in this land, and conelusive proof of the high vation that existed in those countries. i 
quality of many of those who were coming to What sort of man was and is Car!s 
When so many men in so few Such questions are always asked. Thi 





our shores. 
vears receive such signal recognition of emi- swers are almost as varied as those givins 
nence where the possibilities of this particu- them. The writer of this sketch knew © 
lar recognition are so limited, it may justly — son, at least slightly, almost from the tin 

be maintained that this has still been the entered The University of Chicago, and 





land of opportunity of which ambitious and very well. Physically he is slightly 
daring young men have always dreamed. the average in size, well muscled and al 
Carlson was born, in 1875, in a rural dis- in excellent physical condition. He p 


trict of southern Sweden, vet at a latitude tennis, billiards, and bridge. So m 
of 58°, or nearly as far north as the southern easy and relatively certain. But wih 
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comes to qualities of the mind and the even 
less tangible personality, the standards are 
less definite and the methods of applying 
them less certain. However, Carlson cer- 
tainly has a very wide range of interests and 
information and a ready and acute mind. In 
the rough and tumble of banter and jibes 
which were common among the members of 
the faculty in the youthful days of The Uni- 
versity of Chicago, he was well able to take 
care Of himself. In faculty discussions he 
was Objective and clear, never taking the 
role of either an obstructionist or a servile 
supporter of the administration. Although 
his primary interests were in research, he 
vave serious attention to questions of sound 
educational policies. For example, he ex- 
erted an important influence on the develop- 
ment of the general survey course in science 
for freshmen at The University of Chicago, 
and not only contributed a chapter to The 
Nature of the World and Man to which it led 
but critically examined the manuscripts of 
all other contributors. From this lower level 
of college education Carlson’s academic in- 
terests ranged to the other extreme of uni- 
versity administration. 

But such a bare catalog of what a man 
has done is only the skeleton of his life. It 
lacks almost entirely the qualities of mind 
and heart that after all are the man. Prob- 
ably the best brief characterization of the 
real Carlson is that he is a man of very rare 


intellectual integrity. Like Nati 
never compromises with fundam: 
ciples for an apparent advantage 
cial case. If in the exceptiona 
quality seems severe, it is nevert 
very property of Nature that ma 
possible, and even life itself. A 
necessary quality for human beines 
that a stable society may evolve. 

In these days our thoughts ine\ 
to the future of society. It is diff 
to be disturbed by the trials of th 
the uncertainties ahead, but scienc 
ascendency, at present in the prod 
means of destruction but soon in 
important task of teaching the int 
life. There will be ready hands to 
flaming torch aloft, of which the pres 
the Association naturally will be the 
leader. For nearly seventy vears 
been unknowingly preparing for t] 
on a farm in Sweden, in many 
across the oceans to many lands, in 
cipline of manual labor, in the arduo 
esses of getting an education, in elim! 
ladder of fame, in reflecting on the 1 
of wise men of the past, in learning thi 


tial character of the orderly ways of Nat 


and in distilling wisdom from the m 
of experiences that the varied curr 


life have swept within his reach. Ma 
Association prove worthy of his leadet 
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Wratten Light Filters” 


A BOOK OF DATA ON WRATTEN FILTERS 











‘ame ARE more than 100 filters in the series of Wratten 
light filters. They are designed for use in general mono- 
chrome and color still photography, cinematography, and 
special scientific fields—including astronomy, photome- 
try, spectroscopy, photomicrography. 

Each Wratten Filter is made to meet a rigid standard, 
and is supplied in the form most convenient for its appli- 
cation. The purpose of the book, Wratten Light Filters, is 
to facilitate selection of filters by providing complete 
spectrophotometric data concerning them. 

The 88-page Sixteenth Edition of this publication gives 
transmission curves and tables for all filters’ as well as 
notes on the use of filters for special purposes. It is avail- 


able at dealers in photographic supplies. 
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THE SMITHSONIAN INSTITUTION 


Washington, D. C. 


HE SMITHSONIAN INSTITUTION arose from James Smithson’s sta 
manlike bequest “for the increase and diffusion of knowledge am 
men.” The foundation originally was $550,000. It is now about $2,5| 
000. The art galleries of Freer and Mellon, the art gifts of Kress, Gellatly, 
Evans, Johnson, and others, the gem and mineral collections of Lea, Roeb- 
ling, and Canfield are also legally the private property of the Institution, 
together with specimens in the National Museum valued at millions of 
dollars. The Institution developed privately the National Museum, ¢! 
National Zoological Park, and four other bureaus which, becoming ot 
national importance, are now supported mainly by Government appropri- 
ations. They remain, however, under the administration of the Smith- 
sonian Institution, whose reputation for honesty, efficiency, and frugality 
in administering Government funds is recognized. 


is 


Wide free distribution of its own publications, linked with the inter- 
national exchanges of scientific literature, has built up the great scientific 
library, largely contained in the Smithsonian Deposit in the Library of 
Congress. Hardly a textbook or reference book exists which does not draw 
upon Smithsonian publications. Nearly 50,000 sets of the privately pub- 
lished 12-volume Smithsonian Scientific Series have yielded over $300,000 
in royalties to Smithsonian resources. The Smithsonian Reports and other 
series of publications, its International Exchange Service, and a world 
wide correspondence are useful means for “diffusion of knowledge.” 


The radiation programs of the Astrophysical Observatory and the Di. 
vision of Radiation and Organisms and the archeological and ethnological 
researches of the Bureau of American Ethnology are well known. Alone 
or cooperatively, the Institution takes part in twenty-five or more explor 
ing and collecting expeditions each year. As the national repository of 
specimens of fauna, flora, mineralogy, geology, anthropology and arche- 
ology, the Museum is a center of research. 


In wartime the Institution serves as an important source of technical 
information for the Army, Navy, and war agencies. More than 1,500 
requests for such information have been recorded since Pearl Harbor. 


The Smithsonian Institution is the ward of our Government, under 
an eminent Board of Regents. Its executive officer is the Secretary. The 
Regents and Secretary are so well advised by able investment counsel that 
the various endowment funds have been increased materially. 





The attention of donors is invited to this national yet private institu- 
tion, safe, successful and perpetual, as a worthy recipient of gifts and 
bequests “for the increase and diffusion of knowledge.” 
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When the lights 20 On again mn Grigoriopol 


boilers, powet stokers. boiler feed 
Diesel 
even con 


t tor handling COal which will be 


lhree short years ago Grigoriopol was a thriving 
city of the Russian Ukraine. Today it 1s a scene of 


desolation... victim of rav aging Hitlerite hordes. 


But some day soon we hope lights will gO On 


igain in Grigoriopol, and in other Allied cities now 
indet the Nazi heel. 


When that time comes... thanks to a new 1dea 
ern warfare emergency electric power 
available to revitalize industries in war 
ties—immediately after they are retaken 


enemy. 
his new idea—a self-contained POWER-TRAIN 
s now been made a reality by the engineering 


ins and skill of We stinghouse. 


len of these POWER-TRAINS are now being built 
by Westinghouse for use by the United Nations 
each a complete 5000 kw power house on 
heels, big enough to serve a community of 15,000. 


Each pow ER-TRAIN consists of 8 cars Ingeniously 


ssembled in these cars are: a 5000 kw steam 


turbo-generator 


pumps, air-cooled condensers, auxiliary 


living quarters for the crew 


engine, 


vever equipme 


+ 


mined locally for fuel 


) ] 
Because cooling water 1s not alwavs available, 


a. 8 | } 
air-cooled condensers are used to recover, as water, 


} 1 
a high percentage ol the exhaust steam from the 


y 


turbine. 


From switcher iT to turbo-gener itor, each 
POWER-TRAIN 18 a Complete S000 kw mobile powel! 
house, read) to go te vork at Tew hours’ no;rice 


, , , 


} } 
(And remember 


neering Dbralns and Sk 


the same Westinghouse engi 


, , ; 
| that developed the Powe! 





PRAIN will be Val ible, iter Victory. to create 


and build better products for you 


Westinghouse Electric & Manufact iring Com 
pany, Pittsburgh, Pennsylva 


Tune in John Charles Thomas, 
VBC, Sundays, 2:30 p.m. E.W.T. 


Westinghouse 


Plants in 25 Cities 


Offices Everywhere 
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Just Published 
SURFACE CHEMISTRY 


160 quarto pages (7 x 10! inches), illustrated, references, $3.25 


Surface Chemistry is based on a symposium that was held at the University of Ch 
September, 1941, in connection with the celebration of the fiftieth anniversary of the Unive 
The symposium was organized and presented in commemoration of the twenty-fifth anniy 
of the publication of the first contribution by Dr. William D. Harkins in this field. The « 
is one of the newer branches of chemical science, its beginning dating back less than 4 
The basic subject matter of this volume, however, is not only of deep theoretical interes 
also of great practical importance. 

Publication Committee: HERMANN I. SCHLESINGER, Chairman; JoHN G. KirKwoo 
THOMAS F. YounG. Edited by F. R. Mouuton, 


TABLE OF CONTENTS A Contribution to the Surface Tension 
ganic Compounds in Relation to Their Po 
1D) 


Interactions of Biologically Significant Sub : - 
A. HAUSER and A. J. GROSSMAN. 


stances in Surface Films, with Especial Reference 


to Two-Dimensional Solutions and Association The Problem of the Elasticity of Rubb 
Complexes Formed by Carcinogenic Hydrocarbons Rubberlike Materials EUGENE GUTH 
and Sterols G. H. A. CLOWEs. Some Aspects of the Properties of Solid 
Rates of Evaporation of Water Through Com faces G. E. Boyp. 
pressed Monolayers on Water. IRVING LANGMUIR Intermolecular Attraction Between Macr 
and VINCENT J. SCHAEFER. cules FE’. LONDON. 
Intermolecular Forces and Two-Dimensional The Intrinsic Viscosities and Diffusion 
Systems WILLIAM D. HARKINS. stants of Protein Molecules HENRY B. } 
Some Thermodynamic Properties and Rate and JOHN A. COOPER. 
Processes at Surfaces. HENRY EYRING, JOHN Phase Transitions in Monolayers Due to | 
WALTER and ALLEN E. STEARN. dered Molecular Rotation JOHN G. KIRK 


American Association for the Advancement of Science 


Smithsonian Institution Building 
Washington 25, D. C. 














LANGUAGES FOR TECHNOLOGISTS 


Post-War opportunities for scientists and technically trained men and women in every 
part of the world will go by preference to those who speak another language. 

In your own home and your own time, learn to speak any of 29 European and Asiatic 
languages quickly, easily, correctly by the world-famous 


LINGUAPHONE CONVERSATIONAL METHOD 


Endorsed by educators and used by Allied Nations armed forces and other services, t 
amazingly simple Linguaphone Method gives you a sound, practical and immediatel) 


is 


serviceable command of such languages as— 


Spanish German Russian 
Portuguese Italian Chinese 
French Norwegian Malay 


and 20 other languages. 


Save time, work and money in preparing for an interesting and profitable career in th 
rehabilitation of a war-shattered world. 


Send for FREE book. 


LINGUAPHONE INSTITUTE 


113 RCA Building Rockefeller Plaza New York 20, N. Y 
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